Seasonal Effect of Large-scale Gravel Excavation on Ground Water Quality by Rasmussen, James R.
South Dakota State University 
Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange 
Electronic Theses and Dissertations 
1985 
Seasonal Effect of Large-scale Gravel Excavation on Ground 
Water Quality 
James R. Rasmussen 
Follow this and additional works at: https://openprairie.sdstate.edu/etd 
Recommended Citation 
Rasmussen, James R., "Seasonal Effect of Large-scale Gravel Excavation on Ground Water Quality" 
(1985). Electronic Theses and Dissertations. 4306. 
https://openprairie.sdstate.edu/etd/4306 
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 
SEASONAL EFFECI' OF IARiE-SCALE 
GRAVEL EXCAVATION ON GroUND WATER QUALITY 
by 
James R. Rasmussen 
A thesis sul::mi tted 
in partial fulfill.Irent of the requirements for the 
degree Master of Science 
Ma.jor in ·Civil Engineering 
South D:lkota State University 
1985 
SFAOONAL EFFECI' OF LARGE-SCALE 
GRAVEL EXCAVATION ON GR:>UND WATER (UALI'l'Y 
This thesis is approved as a creditable and independent 
investigation by a candidate for the degree, Master of Science , and 
is acceptable as meeting the thesis require!lreilts for this degree . 
Acceptance of this thesis cbes not imply that the oonclusions 
reached by the candidate are necessarily the conclusions of the 
rna jor depart:nent . 
-/it '!ames ��: Ibrnbush 
SJ.s Adv1.sor 
Dr. Dwar1t_ A. Mllag /rmen Head, Ci Engineering De . t 
Date 
Dat� 
TABLE OF CDNTENTS 
IN'IR.aXJCl'ION ••••••••••••••••••••••••••••••••••••••••••••••••••• 
LI'I'ERA.'It.JRE REV'Im� ••••••••••••••••••••••••••••••• •••••••••••••• 
Tbe Big Sioux AQuifer ••••••••••••••••••••••••••••••••••••••• 
Occurrence of Haraness. Alkalinity. Iron and Manganese 
in Ground Water •••••••••••••••••••••••••••••••••••••••••• 
EtincipJes of Aeration •••••••••••••••••••••••••••••••••••••• 








Gravel Pits as a Water �y............................... 11 
Variation jn Ground Water Quality Caused ·by Ice Cover. • • • • • • 13 
INVES�GA�ON SITE............................................. 15 
Everist Inc. Area ••••••••••• � ••••••••• � •••••••••••••••••••• · • 15 
Brookings East Water Treatment Facility..................... 17 
Extent of Softening ••••••••• �· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  17 
\ 
EXPERI� APffiClA.Oi ••••••••• ·• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 20 
Saxrpling wells.............................................. 20 
Methods and TeSting......................................... 21 
l?RESm'rA.�ON. C>F' IlA'rA. ••••• '! • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 25 
Experimental Error.......................................... 27 
Upstream. · Dcymstream apd Pond Saxrpling Locations. • • • • • • • • • • • 2 9 
DISCtJSSION OF R,FS'UL'l5.......................................... 44 
t.EthOOs of Treatinent. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 44 
causes of Varability at the Everist Gravel Pit Area . . . . . . . . .  52 
Semple Location and Date Variations •••••••••••••••••• ; . . . . . .  61 
i 
Savings· Incurred by the Use of Everist' s Pond as 
r.tJnicipal Sllwly-••••• • • • • • • • _. • • • • • • • • • • • • • • • • • • • • • • • • • • • • 63 
Ever jst' s Pond as a M\lnicip; 1 Water · Supply. .. • • • • • • • • • • • • • • • • 66 
SUMMARY AND ODNCLqSIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68 
RECD�TIONS ••• • • • • • • • •• • • • • • • • • •  • • • • • • • • • • • • • • • • • • • • • • • • • • • 71 
LI�'l'lJRE CI '!'ED • • • • • • •  · • • • • • • • • • • • •• • • • • • • •• • • • • ••• • •• •  ·• • • •• � • • 7 3 
APPENDIX A Treatment at Brookings East Water 
Treatment Facil ity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 
APPENDIX B - calculations of Water Softened from 
Chlorides Data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 
APPENDIX C - Results of Water Quality in Everist 
Gravel Pit Area. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 
APPENDIX D - water Qual ity Results from State Health 
APPENDIX E 
:DeiBrt:Inent �ratory. • • • • • • • • • • • • • •
. 
• • • • • • • • • • • • • • 92 
Statistical Analyses • • • • •• • • .
' 
• • • •• • • • • • • • • • • • • • • .
'
. 94 












LIST OF TABLES 
Operating Coooitions of Atanic Absorption 
Spectro};ilotaneter for Iron, Manganese, 
calcium am Magnesium
. 
Determinations (26 )  ••••••••• 
Mean Chemical Water Quality Results of 
Gravel Pit Area •••••••••••••••••••••• � • •  · •••••••••• 
Average Water Quality fran Brookings East 
Water Treatment Facility and Fran Everist Porn •••• 
Results of Water Qual ity in Everist 
Gravel Pit Area ••••••••••••••••••••••••••••••••••• 
Upstream, Dotmstream and Pond Location Means •••••• 
Chenical Quality of Water Fran Sampling Points* 
November 5 ,  1984 - Proj ect : !Itq;act of Large 
Scale Gravel Excavations on Groundwater 
Quality am fblement in Shallow Fquifers •••••••••• 
canpletely Randan Design Analysis of Variance 
for Location P1 - Sampled on 9-28-84 •••••••••••••• 
Analysis of Variance •••••••••••••••••••••••••••••• 




























LIST OF FIGURES 
Gas absorption and release from a liquid {10) • • • • •  
Relationship between carbon dioxide and the 
three forms of alkalinity at various pH levels 
(values calculated for water with a total 
alkalinity of 100 ng/1 at 25°C) {8) • • • • • • • • • • •  ; • • • •  
Everist Inc. gravel pit area showing location 
of sampling points • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  





Spectrophotometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 
pH vs . sampling date for various sampling 
locations • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • . • • • • •  30 
Alkalinity vs .  sampling date for various 
sampling l�tions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
Calcium hardness vs . sampling date for various 
sampling locations • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Magnesium hardness vs . sampling date for 
various sampling l�tions • • • • • • • • • • • • • • • • • • • • • • • • 
'lbtal hardness vs . sampling date for various 
sampling locations • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Manganese vs . sampling date for various 
saxnpl ing locations • • • • • • • • • • • • • .• • • • • • • • • • • • • • • • • • •  
Iron vs . sampling date for various sampling 
locations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Total dissolved sol ids vs. sampl ing date 
for various sampling locations • • • • • • • • • • • • • • • • • • • •  
Area that drains into infiltration basin • • • • • • • • • •  
Infiltration basin north of Everist ' s  pond • • • • • • • •  









Treatment Plant • • • • •
. 
• . . . . . . . . . . . . .  • • • • • • • • • • • • • • • • 78 
iv 
The aut.b:>r wishes to express sincere gratitude to 
Dr. Janes N. Inrnbush and Dr. llflayne A. :R:>llag, for their sug­
gestiOns, guidance, tedmical expertise, and enoouragement through­
out the investigation. 
'!he assistance of Dr. Paul Evenson is gratefully ac­
knowleged for counsel and aid during the statistical evaluation of 
data, Dr. David Hilderbrand for his (X)()peration and prcmpt assis­
tance in the use of the atanic absorption spectropmtaneter , and 
Richard Whi tston and Mark Perry for their assistance in collection , 
preparation. and analysis of samples . 
Finally, I w:>uld like to thank my wife, Beth, 'Nho has 
provided invaluable assistance in the laroratory and in the field 
during data collection, encouraganent when I was down ,  an open ear 
to my ideas and data interpretation and patience and understanding 
during the time of these studies . 
This research investigation was partially supported by 
ftmds provided by the United States �partment of Interior through 
the South Dakota State University water Resources Institute , as 
authorized .under the water Research Act of .1978 , Public Law 95-4 67. 
This study was also Sl..lpp::>rted in part by the City of Brookings and 
Brookings Utili ties . 
v 
INTRClXJCI'ION 
One of the highest priority uses of water is, of courSe, its 
ingestion to sustain life. It is expected that through conventional 
water treatment an abundance of drinking water will be produced free 
fran p:lthogenic organisms, free fran scale-forming substances, free 
fran toxic chem_icals, free from corrosion and corrosion products and 
free fran aesthetiGally offensive substances (1) • If these freedoms 
of water quality can be met at a fraction of the expense of conven­
tional water treatment by using the natural environment, serious at­
tention should be focused accordingly . 
1 
In eastern South Dakota, p:lrticularly the Brookings area of 
the Big Sioux River Basin, large-scale gravel mines have been excavat­
ing, screening and transporting huge quantities of gravel from the 
area for the p:tst twenty years. -Gravel is mined fran below the gro�d 
water table to create large pei:manent ponds or lakes. As the ground 
water is exposed to the atmosphere the dissolved carbon dioxide es­
capes, which raises the pH and precipitates calcium carbonate thus 
reducing the hardness and -alkalinity. Also, as the pond water becomes 
saturated with dissolved oxygen, the metals of iron and manganese are 
oxidized to their insoluble forms and they settle out . 'lbese large­
scale gravel excavations into a shallow aquifer such as the Big Sioux 
aquifer therefore can be expected to have substantial i.In};acts on the 
qual i� of ground water passing through the area (2) • 
2 
In a previous study, Kothari {3 )  collected
. 
samples fran a 
local gravel pit pond and canpared its water quality with the rEM and 
treated water quality data fran the Brookings East Water Treatment 
Plant. Kothari concluded that, the open body of water, due to gravel 
excavation, had a superior chanica! water qual ity than the wells sup­
plying water for the City of Brookings, and he recommended that fur­
ther investigation on the impact of gravel excavation on ground water 
quality should be instigated. 
'!he research presented herein was undertaken with the follow­
ing obj ectives in mind: 
{a)  To determine the seasonal quality variation of ground 
water moving through a large-scale gravel excavation with 
respect to the suitability as a suppiemental public water 
· supply, and, 
{b) To derive·oonclusions about the variability due to various 
sampl ing dates and locations with respect to };articular 
parameters, within the sampl ing area. 
LITERA'IURE REVIEW 
The Big Sioux AQuifer 
'!he Big Sioux aquifer is an unconfined, shallow ground water 
system that connects the Big Sioux River, its tributaries and many 
lake areas in eastern South Dakota. '!he aquifer itsel f is a·maj or 
glacial drift aquifer which exterxis most of the length of the Big 
Sioux River Basin (4) . 
3 
'!be drift of the Big Sioux aquifer is composed of two maj or 
or igins, till and outwash. Till is an unstratified, unsorted, rela­
tively impermeable mixture of material . ().Jtwash is very permeable 
sorted sand and gravel material capable of storing large quanitities 
of water . '!he thickness of the outwash layer varies fran a few feet 
to about one hundred feet with the average thickness of the ·saturated 
zone about twenty feet ( 4) • 
'!he movement of the ground water in the aquifer is generally 
fran the edge of the aquifer towards the Big Sioux River except for 
brief periods when stream water levels are higher than aquifer water 
levels. Tbpography of the basin creates a general flow pattern from 
north to south ( 4) •
· 
Although the water is hard and may contain high levels of iron 
and manganese, the general chemical water qual ity of the Big Sioux 
aquifer is good. Also, there is a trend of increasing mineralization 
with depth (5 ) . 
4 
Occurrence of Hardness, Alkalinity. Iron and Manganese in Ground Water 
Since the water characteristics of hardness and alkal inity and 
the metals of iron and manganese are present in appreciable aiOOunts 
and successfully eValuate
. 
the general water quality in the Big Sioux 
aquifer, it is helpful to know tXJW these constituents enter the ground 
water . 
When water percolates through soil containing organic matter 
and aerobic organisms, the water is readily deprived of oxygen. These 
organisms produce carbon dioxide as a by-product thereby introducing 
carbon dioxide into the water ( 6 )  • '!he amount of carbon dioxide in 
ground water is variable with respect to depth and organic soils in 
the area. For example, the carbon dioxide content of a majority of 
dee�well waters will be below 50 ng/1 . Shallow wells, particulary in 
areas overlain by peaty soils, will produce waters with carbon dioxide 
-
contents ranging from 50 to 300 ng/1 (7) • carbon dioxide in the water 
lowers the pH by converting the hydroxides to carbonates and the car­
bonates to bicarbonates and carbonic acid ( 8) . '!he carbonic acid in 
the soil water together with anaerobic conditions react chemically 
with the soil constituents to increase the dissolved materials in the 
ground water . 
In the case of iron and manganese, which exist naturally in 
soil in the insoluble ferric (Fe +3) and manganic (Mn +4) forms, the 
combination of anaerobic and slightly acidic conditions reduce the 
iron and manganese bearing materials to their soluble ferrous (Fe
+2) 
and manganous (Mn 
+2 ) forms (9) . '!bus, ground waters that contain 
appreciable quantities of iron·and manganese are devoid of dissolved 
oxygen and may have high carbon dioxide contents ( 8) . In soils such 
5 
as limestone formations, the carbon dioxide attacks the insoluble car-
bonates in the soil and limestone to convert then to soluble bicar-
bonates as shown by equations (A) and (B) ( 8) : 
Ca<D3 + �<D3 -+ Ca ( H<D3) 2 (A) 
Mg<l)3 + �<D3 + Mg (H<D3) 2 (B) 
Principles of Aeration 
Haney ( 10 )  defines aeration as a process whereby the water is 
brought into intimate contact with a gas, usually air, for the purpose 
of transferring highly volatile substances to or from the water . The 
substances transferred may include gasses such as oxygen, carbon 
dioxide, nitrogen, hydrogen sulfide and methane, or various uniden- . 
tified volatile organic substances responsible for taste and odor 
(10) ( 11) • 
'!he aeration process involves the txwsiochanical principles of 
equilibrium, gas solubility, diffusion, and the pro�rties of a l iq�id 
gas interface (10)  • The process of diffusion of a gas into or out of 
a liquid is �fined by Fick • s first law (12) , equation (C) : 
6 nv'Jt = -� A Sc/�y (C) 
where &nv'&t is the time rate of mass transfer by diffusion; � is the 
diffusion coefficient of gas in the liquid; A. is the cross sectional 
6 
area through which diffusion occurs; ocjoy is the concentration 
gradient; and y is the length ·through which the diffusion occurs (11) . 
Lewis and Whitman according to Haney ( 10) , have described the 
transfer of a gas fran the atmosiflere to a body of turbulent fluid by 
the use of a two-film concept. '!he Lewis and Whitman equations have 
been developed to yield equation (D) : 
S - C = ( S  - C ) 
. 
e -� t A/V (D) 0 
where S is the concentration at saturation, C0 is the initial con-
centration, C is the concentration of time t, � is a transfer coeffi­
cient, and A/V is the area of interface per unit volume ( 12) • Figure 
1 shews the plot of equation (D) for conditions of gas release and ab­
sorption. Oxygen absorption occurs sirrultaneously with the carbon 
dioxide release during the aeration process (13)  (11) • 
Aeration as a Treatment Method 
The change · in chemical composition brought about by aeration 
of ground water in a surface impoundment leads to reductions in carbon 
dioxide, hardness, alkalinity, iron and manganese ( 2) . 
Hardness is caused by divalent metallic cations . SUch ions . 
are capable of reacting with soap to form precipitates and with cer-
tain anions present in the water to form scale . The principal 
hardness-causing cations are calcium and magnesium ( 8) • 'lbtal hard­
ness is usually considered the surnrration of calcium and magnesitmt 






















Figure 1. Gas absorption and release from a liquid (10).  
7 
causing-cations are fran two groups ; carbonates (biocarbonate anion) 
and non-carbonates (sulfates am chloride anions) (14 )  • 
8 
'Ihe alkalinity of a water is a measure of its capacity to 
neutralize acids . 'Ihe alkalinity of natural waters is due primarily 
to the salts of weak acids, although weak or strong bases may also 
contribute. Alkalinity occurs in three major forms (a) hydroxide (b) 
ca.rbonates and (c) bicarbonates. Bicarbonates represent the maj or 
form of natural alkalipi ty in water since they are formed in consider­
able amounts fran the action of carbon dioxide upon basic materials in 
soil as shown previously in equations (A) am (B) ( 8). 
Figure 2 shows an example of the carbon dioxide and alkal inity 
system in equilibrium (values calculated for water with a total 
alkalinity of 100 ng/1 at 25°C) ( 8 )  • A change in any concentration of 
any one member of the system will, of course, cause a shift in the 
equilibrium, alter the concentration of the other ions and result iri. a 
change of pH. Conversely a change in pH will shift the relationships 
( 8) • 
When the ground water enters the open body of water the equi­
librium is explained by Henry ' s  law . Henry' s  law, dealing with the 
mixture of gases, states that the concentration of a solution of a gas 
which has reaChed equilibrium is proportional· to the partial pressure 
at which the gas is supplied. ·Nitrogen (79 percent of air )  has a Iar­
tial pressure of 0 .  79 atm, oxygen (21 percent) , a partial pressure of 
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Figure 2 .  Relationship between carron dioxide and the three fonns 
of alkalinity at various pH levels (values calculated 
for water with a total alkalinity of 100 ng/1 at 2
s"C::> (8) . 
10 
0 .  00033 atm. Since air is a mixture of gases including oxygen, carbon 
dioxide, and nitrogen, gases dissolved . in water teoo to be in 
equilibrium with the atmosphere. Their different solubilities, 
however, determine how nuch of a given gas water can hold. A canbina­
tion of partial pressure and solubility determine exactly � nuch of 
each gas is dissolved. Oxygen is about two times as soluble as 
nitrogen, but its p:trtial pressure is one third that of nitrogen. 
'!bus the amounts of both gases dissolved in water is roughly the same . 
Carbon dioxide is about 200 times more soluble than oxygen and has a 
p:trtial pressure about 1/700 that of oxygen (15) • 'Iberefore, regard­
less of the high solubility, the amount of carbon dioxide that can ex­
ist in equilibrium with the atmosphere is miniscule due to its. low 
partial pressure. 
As the carbon dioxide escapes, the reaction that occurs is 
shown as equation (E) ( 8) • 
Ca { HCD3y2 ..... Ca<D3 ' + �0 + <D2 f { E) 
'Ibis results in dissociation of the weak carbonic acid present ending 
with a greater quantity of }¥droxyl ions than hydrogen ions. '!be pH 
w�ll be increased . When the pH is in the range of 8 .0 to 9 .0 the 
solubility pr9duct of the carbonate ion is exceeded, and it 
precipitates fran solution as calcium carbonate. '!his precipitation 
reduces the calcil.Dll hardness arid hence total hardness and also 
decreases the alkalinity { 8) • 
11 
Aeration of ground water in a surface impoundment also has an 
effect on iron am manganese removal . '!he incaning ground water corr 
tains the metals of iron and manganese in their reduced soluble fer­
rous (Fe
+2 ) am �anous (MN+2) forms. Saturation of dissolved oxygen 
by aeration causes the iron and manganese to be oxidized to their in­
soluble ferric (Fe
+3 ) and manganic (Mn+4) forms, which will 
precipitate (14) . 
'Ihe rate of oxidation of iron and manganese is deperXient on 
many factors sudl as pH, alkal inity, organic content and presence of 
catalysts. Manganese cannot be oxidized as easily as iron, am nor­
mally aeration alone is generally not effective (14 ) . However, in the 
case of natural aeration of ground water in a surface impoundment, 
sufficient volume could be present to create an adequate detention 
time for sufficient removals of iron and manganese .  
Gravel Pits as a Water SUpply 
'!here has been no known research on the influence of gravel 
mining on ground water quality in the Big Sioux River Basin. Since 
each aquifer responds to the soils, climate, prior water uses, ground 
water hydrology and other environmental factors to yield a specific 
water qual ity; similar studies investigating gravel mining influences 
on ground water should be evaluated accordingly . 
A study undertaken in 1982 by Antosch (16 )  in Ames, Iowa dealt 
with a gravel pit used to replenish the aquifer used for municipal 
water supply in tines of high demand. '!he Hallett Quarry gravel pit 
12 
lake system is a series of three gravel pit lakes covering eighty 
acres j ust north of the city of Ames, Iowa. '!he lakes are a result of 
ground water entering sand and gravel excavations started in 1956 by 
the Hallett Construction canpaey of Crosby, Minnesota. In 1977 a 
severe drought reduced the streamflow and dried up the South Skunk 
River and Squaw Creek which were the prima� sources of recharge of 
the aquifer fran which Ames obtained its municip:U. water supply. An 
emergency drought relief plan went into effect which consisted of the 
construction of a ternpora� low head sand dam, with an ilrq?ervious 
plastic membrane facing, across the SOuth Skunk River and the pumping 
of water fran the south gravel pit lake at Hallett ' s  Quar� into the 
South Skunk River . '!he pumped water flowed downstream, ponded behind 
the sand dam and successfully recharged and repressurized the city of 
Ames municipal well field. 
Antosch ( 16 )  did a water quality study in order to develop a 
water-quality management plan to protect or optimize the future water 
quality of the Hallett Quar� gravel pit lake systen. He concluded 
that runoff from stor.mwater car�ing large quantities of fecal bac­
teria and biological nutrients entered one of the three gravel pits 
and degraded �e existing water quality . Recanmendations were to 
divert the rurioff fran coming into the gravel ·pit and eliminate the 
incoming nutrients. 
One other interesting bit of information brought out py 
Antosch ( 16 )  was that, of the 625 water withdrawal permits of the sand 
13 
and gravel pits and rock quarries in Iowa in 1981, only one water use 
is categorized as a municipal water supply.  'D'lis gravel pit is  used 
as a water supply source 1:¥ the city of �ncer, Iowa. 'D'le most 
recognized water use withdraw! permits fran the sand and gravel pits 
at that time were for the washing of gravel for material production 
followed 1:¥ irrigation. 
sawinski (17), in his stuqy of ground water qual ity variation 
at the Brookings, South Dakota sani tacy land£ ill, found that a pond 
located in the landfill treated a plume of contaminated ground water 
as the ground water flowed through it. Reductions in sodium, chloride 
and specific conductance were explained by dilution and dispersion of 
contaminants. A reduction in total hardness- was explained by an in­
crease in pH, which exceeded the solubility product of the carbonate 
ion. 'D'lis was due to the utilization of carbon dioxide by algae. 
'Ihus the carbOnate ion precipitated as calcium carbonate, thereby 
reducing the hardness. 
Variation in Ground Water Qual it;y Caused by Ice Coyer 
Conditions tmder ice in South Dakota will change �sica! and 
chemical characteristics of lakes for approximately one quarter of 
each year (18). 'Itlerefore, careful consideration should be given to a 
gravel pit or pond as to its effectiveness in treating_ ground water 
during the winter months. 
According to Gloss (18) the water qual ity varied significantly 
in seven eastern South Dakota lakes during the time of ice cover . As 
-- - -- - -- ... ·-- .......... ,� • •nn A ov 
14 
the ice thickened to its maximum, the alkal inity, hardness and 
specific comuctance increased significantly, and the pH dro�. 
Increases in these �rameters and others ranged f ran 19 to 40 percent. 
� Sawinksi ' s  (17) stuqy of ground water in a landfill inter­
cepted by a pond, he mentions that: 
During winter months when the pond has an ice cover, the 
pom water acts as a segment of the ground water, with ionic 
concentrations increasing throughout the area of the pond. 
It is also possible that ionic concentrations increase as 
the ice cover gets thicker during the winter due to the 
concentration of the soluble salts in the bot tan of the pond. 
When the ice thaws in the spring, the higher concentrations 
would be diluted. 
Sawinski (17) also noted that during the winter months the 
hardness increased in the pond. '!his increase moved downstream and 




Everist Inc. Area 
'!be Everist Inc. gravel pit area, Figure 3, lying just east of 
the Brookings East Water Treatment Facility in Brookings,  South Dakota 
{NE 1/4 of Section 31, TllON, R49 W) , is the area where · the Seasonal 
impact of large scale gravel excavations on ground water quality has 
been studied. '!be mining Oferation is owned by Everist Incorporated 
and has been excavating and moving sand and gravel for the p:tst twenty 
years. As the gravel is mined fran below the ground water table large 
fermanent ponds such as Ever ists are formed. 
Everist's pond itsel f, as shown in Figure 3, is sanewhat 
divided by a Feninsula extending in fran the east side . '!be surface 
area of the pond is estimated to be about 45 acres with an approximate 
average depth . of ten feet, therefore containing 450 acre-ft or 146 .6. 
mdllion gallons of water . 
According to the Soil Survey of Brookings County, South 
·
Dakota 
(19) the subsurface soil at the Everist site is mostly course sand, a 
material with high transmissibility and good water storage potential .  
'!he Big Sioux aquifer ground water movement in the area as stated by 
Kothari {3 )  is from a general north to southwesterly direction. 
Upon seasonal inspection, amounts of surface water have en­
tered Everist's pond in tines of snowmelt and high precipitation, 
which could significantly alter the quality of the water in the pond. 
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be easily achieved by increasing the amount of topsoil around the bank 
of the pond through minimal dirt work. 
BrOOkings EQ,st Water Treatment Facility 
The City of Brookings depends·entirely on ground water sources 
for its municipal water supply. In 1984, at the 4 ngd capacity 
Brookings East Water Treatment Facility, 72 percent of Brookings' 
nunicipal water or 1.33 ngd average demand was treated (plant records) 
(20) • The remainder of the average daily demand was treated at the 
older Brookings North Water Treatment Plant. At the East plant the 
reM water is p..mtped fran three 65-feet deep wells located approximate­
ly one. mile east (see Fig. 3) • Because the retN water generally has 
iron concentrations in the range of 3.0 to 8.0 ng/1 and manganese con­
centrations in the range of 0.6 to 1.3 ng/1 (21) , clearly exceeding 
the EPA's secondary drinking wate�: standards of 0.3 ng/1 Fe and 0.05. 
ng/1 Mn (22), the city's water treatment processes are designed 
primarily for iron and manganese removal (21) • Appendix A gives a 
mre complete explanation of the treatment occurring at the Brookings 
East Water Treatment Facility along with a flow diagram, Figure Al .  . 
Extent of Softening 
In 1984 the Brookings East Water Treat::ment Facility treated 
484.4 million gallons. At that ·time partial softening reduced the to­
tal hardness fran 29 grains per gallon (497 ng/1 as ca<n3 ) to about 22 
grains per gallon (376 ng/1 as cam3) • '!be lime and aluminum sulfate 
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(alum) used · in the partial softening process in Brookings in 1984 
totaled 397,520 pounds and 25,5'90 pounds re�ctively. 'Ibis meant an 
awroximate chemical dosage of 98.4 ng/1 lime and 6.3 ng/1 alum (plant 
records) . 
In 1969 Kelton (23) studied water utility records and. used a 
questionnaire to obtain information fran water users in Brookings 
before the present East Water Treatment plant was constructed. He 
reported that 92.5 percent of all Brookings residents used softened 
water in their banes. It was also concluded that 36 percent of the 
total Brookings water usage, in 1969, was privately softened. 
An estimate of the amount of water softened using ion exchange 
softening by the Brookings residents can be roughly calculated fran 
chlorides data. If the water softener systems discharge to the 
sanitary se.wers, the assumption can be made that the increase in 
chloride content fran the Brookings East Water Treatment Facility to · 
the Brookings WaSte Water Treatment Plant is virtually canpletely due 
to the regeneration of ion exchange softeners with sodium chloride 
(salt) . 'lhe increase in pounds of chlorides can be corwerted to 
sodium chloride or pqunds of salt. According to Artz Locker and Soft 
Water Service in Brookings it takes approximately 8 to 10 pounds of 
salt to soften 800 gallons of Brookings water Containing 25 grains per 
gallon of hardness . Using this relationship, the amount of softened 
water can be predicted. By examination of samples taken in July 1985 
from the Brookings East Water Treatment Facility and from the 
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Brookings Waste Water Treabnent Plant, it was estimated that 
approximately 600,595 gallons of water are oampletely softened daily 
in Brookings . 'lhese calculations are shown in Appemix B .  'ntis daily 
amount of. softened water in Brookings is believed to be lower than the 
actual amount softened. '!be difference is due to the fact that the 
oammercial water softening services in Brookings probably discharge 
their softener effluents, high in chloride content, to storm sewers 
which do not reach the Brookings Waste Water Treabnent Facility . 
Because further water softening investigations are not included in the 
objectives of this study, a more in-depth water softening analysis has 




In order to evaluate the variation in ground water quality due 
to Everist 1 s  pond, samples throughout the area were taken. Sampling 
points were established in an upstream and downstream ground water 
flow direction fran the pond as well as in Everist 1 s pond itself .  
Figure 3 shows the general location of the four upstream sampling 
wells, two sampling locations in the pond and two downstream sampling 
wells, and also gives the direction of the ground water flow . In sane 
cases the ground water at the upstream well locations will not flow 
directly into Everist 1 s pond . 'lhese wells were constructed to get a 
general idea of the background water quality . 
The sampling wells are made from two-inch diameter PVC pipe, 
with a three-foot long, two-inch d-iameter PVC well screen at the bot-. 
tam. The depth of the wells varies from nine to fourteen feet depend� 
ing on the distance to the water table in the specific area.  '!he 
wells are constructed to obtain samples only from the top three to 
five feet of the aquifer, since it is this shallow aquifer water that . 
mainly flows into the· pond . Although the shallow ground water because 
of a short time of contact with the soils has better quality, the 
variability of this shallow water could be great. 
The samples taken fran Everist 1 s pond have been taken from two 
different locations, both locations in the south half of the pond. 
The samples were taken at a depth of approximately eight feet. At 
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this depth it can be assumed that if treatment by aeration takes place 
adequate mixing by wind action occurs . 
After construction, each of the wells was developed by pumping 
at a high velocity uritil the sample a�ared clear . Each was again 
similarly developed prior to the collection of the samples. A� the 
collection time the samples were manually pumped into clean plastic 
bottles.  At that time the samples were split. Half of the samples 
were immediately vacuum filtered through 0 .45 mdcron membrane filters 
and preserved by adding concentrated nitric acid to reduce the pH to 
below two, and the other half renained untreated until the analysis 
was complete . For more information on the sampling methods and col­
lections used refer to the National Handbook of Recanrnended Methods 
for Water Data ACX}Uisition (24) • 
Methods and Testing 
Tb best eyalUate the effect of large-scale gravel excavation 
on ground water quality in the Brookings area of the Big Sioux 
aquifer, tests for pH, alkalinity, calcium and magnesium hardness, 
manganese, iron and total filterable residue were �rformed. All of 
these tests were done, unless otherwise noted, according to Methods 
for Chanica! Analysis of Water and Wastes as outlined by the United 
States Environmental Protection Agency ( 25) . 
'!he Perkin-Elmer ftt:>del 2380 atanic absorption 
spectroittotaneter, Figure 4 ,  fran the Chanistry Department of South 
Dakota State University was used for iron, manganese, calcium and 
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Figure 4. Perkin-Elmer rvt:Xiel 2380 Atomic Abso:rption Spectrophotometer. 
magnesium determinations. '!he unit provided statistical digital 
readout such as relative average absorbance, standard deviation and 
23 
coefficient of variance . The samples were aspirated individually qy 
hand. '!he operating conditions for the a tanic absorption unit are 
summarized in Table 1 (26 ) . 
Table 1 .  Operating Conditions of Atanic Absorption 
Spectroiilotaneter for Iron, Manganese, Calci1.m1 and 
Magnesi1.m1 Determinations (26 )  
Metal Wavelength Slot Light Source Flame rrype 
(nm) Setting 
(nm) 
Iron 248 . 3  0 .2 Hollow Cathode Lamp Air-Acetylene 
Manganese 279 .5 0 .2 Hollow Cathode Lamp Air-Acetylene 
Calcium 422 .7 0 .2 Hollow Cathode Lamp Air-Acetylene 
Magnesium 285 . 2 0 .2 Hollow Cathode Lamp Air-Acetylene 
Standards within the optinun concentration range were made for 
each of the metals according to approved EPA procedures ( 25 ) . '!he 
relationship between metal concentration and relative absorbance was 
linear on rectangular scale p:tper as expected. 
To increase the accuracy of iron and manganese determinations . 
with the atanic absorPtion unit, . the samples were concentrated by a 
factor of 10 or
. 
by a factor of 4 .  Evaporating dishes were cleaned 
with 1 : 1  HCl and rinsed with deionized water. 'nlen 100 .ml of the 
sample were added to the dish and evaporated to dryness over a steam 
table. About 2 ml of 1 : 1  HCl were added to redissolve the residue . 
'!he solution was then rinsed into a 10 or 25 rnl volumetric flask and 
filled to the mark with deionized water prior to analysis where the 
respective iron and manganese content wa� recorded. 
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For the calcium and magnesiLBn determinations with the atanic 
absorption �ctrophotaneter, the samples were diluted by a factor of 
SO, 20 or 10 with deionized water. so that all determinations w�re made 
in the re�Gtive atanic absorption optimum concentration range. '!be 
calciLBn am magnesium concentrations were then determined by the in­
strument. 'lbese calciLBn and magnesiLBn results were then converted to 
calcium and magnesium hardness by nul tiplying the concentration by its 
respective caro3 equivalent weight ratio. '!be final calcium and mag­
nesium hardness results are expressed as hardness in mg/1 as cam3 • 
'!he tests for pH were done with a Corning pH/Ion Meter 135 
with appropriate pH buffers as standards . '!he Corning pH meter was 
also used in the alkalinity titrations. For alkal inity,  the samples 
were titrated to a pH of 4.5 with 0 .02 Normal sulfuric acid. It 
should also be noted that all the total hardness results are a summa­
tion of the calcium hardness and the magnesium hardness results, which 
were, as mentioned previously, a calculation fran the determination by 
the atomic absorption _ spectrophotometer . 
The tests for total filterable residue was done by evaporating 
a 100-rnl . sample and drying it at 104°C .  'Ibis drying temperature was 
not constant with the appr0\7ed EPA method for total filterable residue 
which is 180°C.  
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PRESENTATION OF DATA 
'!be results for the tests on pH, · alkalinity, calcium hardness, 
magnesitun hardness, 
_
total hardness, manganese , iron and total dissol­
ved solids for the eight locations shown in Figure 3, and the five 
testing dates, are presented in Appendix C, Table Cl . Table 2·shows 
the sample means for each p:1rarneter at its location and date. Each· 
parameter is reported in its respective units and significant figures 
as described by the National Handbook of Recommended Methods for Water 
Data Acquisition (24) • At every date, except on December 4 ,  1984 , two 
analysis were done on each of two samples . On December 4th, four 
samples were collected with two analysis done on each parameter . 
The five testing dates were spaced accordingly to get seasonal 
chemical water qual ity information. '!he first date, 9-28-84 , was rep­
resentative of the fall . The next_two dates, 12-4-84 and 2-28-85 were 
when the ice in Everist pond was just starting and when it was at its · 
max� thickness, six inches and twenty eight inches respectfully. 
These two dates were representative of the winter . The spring samples 
were collected on 4-25-85 . The last sampling date signifying the SliDl"'"_ 
mer season was 6-25-85. 
The results for iron and manganese dete�inations done on 
12-4-84 , the first winter sample, should not be used to _
compare with 
the other iron and manganese data. At this sampling date the samples 
• were not field filtered in accordance with appraved EPA methods (25). 
Table 2 .  
Parapeter Date 
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· o . 2  
NA 
0 . 1  
0 . 1  
0 . 3  
0 . 2  
0 . 16 
NA 
0 . 46 
0 . 76 
0 . 97 








lli Jj n 
7 . 5  7 . 7 7 . 6  
7 . 2  7. 4 7 . 3 
7 . 0  7. 3 7 . 3  
7 . 0  7 . 2  7 . 3 
7 . 0  7. 1 7 . 0  
7 . 1  7. 4 7 . 3  
423 385 430 
393 293 303 
409 361 300 
446 208 314 
413 259 279 
.U3 300 322 
419 250 851 
435 228 276 
381 244 226 
405 150 205 
389 190 192 
411 215 338 
210 172 301 
2 52 158 156 
228 178 126 
244 124 127 
240 143 106 
237 155 162 
629 422 11 50 
687 386 433 
609 422 352 
649 274 332 
629 333 298 -
64 8 370· 500 
0 . 8 0 . 3 0 . 9  
NA NA NA 
0 . 1 0 . 1 0 . 4  
0 . 1 0 . 2  0 . 2  
0 . 2  0 . 2  0 . 2  
0 . 3  0 . 2  0 . 4  
0. 54 0 . 13 1 . 90 
NA NA r�A 
O. ll 0 .• 05 0. 15 
0. 12 0 . 04 0. 09 
0 . 1 3  0 . 07 0. 14 
0. 22 0 . 07 0 • . 58 
141 0  9 52 2130 
14 50 809 968 
1330 816 775 
1440 634 764 
1490 799 820 
1430 803 1070 
Everist Food D:Jwnstream Wells 
p1 p2 JI 12 
8 . 2  8. 2 7 . 9  7 . 8  
7. 7 8. 0 7 . 3  7 . 3  
7 . 7  7. 7 7 . 2  7 . 2  
8 . 2  8. 2 7 . 4  7 . 1  
8. 2 8. 3 7 . 2  7 . 0 . 
8 . 0  8. 1 7. C 7 . 3  
145 143 256 350 
149 151 2 89 432 
171 178 162 360 
152 152 189 378 
144 144 234 365 
153 153 2 37 386 
120 119 220 273 
143 145 268 260 
152 153 134 221 
135 125 145 195 
125 125 245 241 
136 135 213 242 
1 38 135 125 228 
130 132 156 318 
139 139 77 197 
124 123 95 2 59 
120 120 151 241 
130 130 127 260 
258 2 54 34 5  SOl 
273 277 424 578 
291 292 211 418 
259 247 240 454 
245 245 396 482 
266 265 339 502 
0 . 2  0 . 1  0 . 3  0 . 2  
NA NA NA NA 
0 . 1  0. 1 0 . 2  0 . 4 
0 . 1  0 . 1 0 . 1  0 . 1 
0 . 1  0 . 1  0 . 2  0 . 2  
0 . 1  0 . 1  0 . 2  0 . 2  
0 . 06 0 . 05 0 . 5 3 0 . 20 
NA NA NA NA 
0 . 03 0 . 04 0 . 2 7  0 . 21 
0 . 03 0. 03 0 . 24 0 . 2 1  
0 . 04 0 . 04 0 . 53 0 . 22 
0 . 04 0 . 04 0 . 39 0 . 21 
562 544 796 1090 
525 512 859 1 300 
599 626 496 1020 
565 56i 515 1100 
536 530 947 1030 
552 548 74S 1140 
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Date Mean 
7 . 8  
7 . 5  
7 . 4  
7 . 5  
7 . 4 

























0 . 4  
NA 
0 . 2  
0 . 1  
0 . 2  
0 . 2  
0 . 45 
NA 
0 . 16 
0 . 19 
0 . 27 








Table Dl in Appendix D presents the results of oamplete 
chemical analyses done on samples taken fran the Everist area on 
November 5 ,  1984. 'ltle analyses were �rformed at the State Health 
De};:artment Laboratory ; Pierre, South Dakota. 'Ibis set of data gives a 
more canplete analysis in order to draw a clearer picture of the 
chemical water qual ity in the Everist gravel pit area. Here again:, 
the samples were not cor rectly field filtered according to the Methods 
For Chemical Analysis of Water and Wastes ( 25) procedures for the 
determinations of iron and manganese and so that {X>rtion of the data 
is not available. 
�- En.o.r. 
During the planning stages of this proj ect, it was desired to 
evaluate all data statistical ly by an analysis of variance . '!his 
analysis could reveal signf iciant differences between locations to in-. 
dicate a variation in ground water qual ity and between sampl ing dates 
to show a variation in qual ity at any location dur ing the �riod of 
study. A statistical evaluation required at least two repl ications of 
each analysis� Tb facil itate the sample collection and laboratory 
analysis, it was desirable to use the minimum number of repl icates. 
However, this cciuld only be done if the sampling and experimental er­
rors were not great (17 )  • 
To evaluate these inherent errors, laboratory analyses were 
. conducted on samples fran the various dates, fran locations 
representing native ground water, both upstream and downstream f rom 
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the pond with respect to ground water flow, and fran locations in 
Everist ' s IX>nd. Four up-gradient wells canbined to make the upstream 
location, while two sampling points were established in the porrl and 
the downstream sampling location consisted of two wel ls.  At least two 
samples were collected on every sampling date fran each sampliJ:lg point 
. with two canplete analysis of pH, alkalinity, calcium hardness, mag� 
nesium hardness, iron, manganese and total dissolved solids done on 
each. Because of the hanogeneity of the experimental units and be­
cause the variation among them was small, a completely random design 
analysis of variance was used (27 )  • '!his design designated the two 
samples fran each location as treatments with two replications in each 
treatment. '!he analysis of variance determined if significant dif­
ferences between treatments existed. If there was no significant dif­
ference between treatments then this number of treatments and replica­
tions gave an accurate account of the results and was considered 
statistically val id. 
'!he completely random design analysis of variance was done on 
samples fran well #4, well #1 and location P1 (as shown on Figure 3 ) , 
all taken at the first sampling date of 9-28-84 . The completely ran­
dan design anal¥sis of variance is shown in �ndix E.  For all the 
parameters at each location the two treatments or samples were not 
significantly different from each other . 'lherefore, two samples with 
two analysis each for each parameter is enough �o be considered 
statistically valid. 
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Upstream. DQt!nstream and Pond Sampling Locations 
Since the emphasis of this proj ect is to shCAt� the enhanced 
water qual ity in Everist 1 s p:>nd for rossible use as a municipal drink­
ing water source, it is helpful to know the changes in water qual ity 
as the groimd water mCNes through the p:>nd. 'Ihese qual ity changes can 
be best shown 1:¥ obtaining samples fran upstream and d<Mnstream direc­
tions fran Everist 1 s p:>nd relative to ground water flow as well as ob­
taining samples fran the rond itself. 
Figures 5 through 12 are seasonal plots of the means of the 
water qual ity p:trameters analyzed. 'Ihe plots are arranged to show the 
seasonal qual ity variation between the upstream, downstream and pond 
sampl ing locations. '!he upstream data, shown in Table C2 Appendix c, 
is a mean for each parameter fran well nlltlbers 3, 4 ,  5 and 6 .  '!he 
datlnstream data is plotted fran a mean fran well numbers 1 and 2 .  '!he 
p:>nd data is a mean of samples taken fran p:>ints P1 and P2 • Table C2 · 
in Appendix C al so . shows this data, while Figure 3 shows the location 
of these sampl ing points. 
'!he first plot, Figure 5 ,  shows how the pH varied with sam­
pling date.  Fran this graph it is evident that the pH in the pond 
remains higher throughout the year than in the upstream or downstream 
wells. It also shows the effect of the ice cover in the winter . When 
ice covered the p:>nd, the pH in the tx>nd dro�d fran about 8 . 2 to 
nearly 7 .  7 .  '!he pH relationships are similar throughout the year for 
the upstream and downstream locations. For each location the fall has 
p 
H 
8 . 2 5 
8 . 0 0 
7 . 7 5 
{ units ) 7 . 5 0  
7 . 2 5 
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D N S T R E A M 
U P S T R E A M 
2 8 S E P  0 4 D E C  2 8 F E B  2 5 A P R  2 5 J U N . 
D A T E  
Figure 5 .  pH vs .  sarcpling date for various sampling locations . 
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the highest pH. As the winter comes, the pH drops tmtil a slight 
increase in pH in the spring occurs and then a drop in pH occurs with 
the upstream and downstream surmner samples. 
Figure 6 shows how the alkal inity varies with the various 
seasonal sampl ing dates for the upstream, downstream and pond loca­
tions. Here clearly the {X>nd sh<:Ms its superior water qual ity, as the 
alkal inity content in Everist ' s :p:>nd is usually less than hal f of what 
it is upstream or downstream. Everist ' s :p:>nd also shows about a 23 
percent increase in alkal inity during the winter sampl ing. 'Ihe up­
stream sample, in Figure 6 ,  shows a sl ightly higher alkal inity content 
than the downstream sample for every sampling date except 12-4-84 . 
'Ihe upstream relationship on the plot also follows a general dowRNard 
trend. 'lhe location downstream fran Everist ' s  :p:>nd alkalinity plot in 
Figure 6 ,  shows an increase in alkal inity until winter sample then a 
sharp decrease Until the spr ing where a slight alkal inity increase 
starts again. 
'!he plot of calcium hardness vs. date for the Everist ' s !X)nd 
is sh<:Mn by Figure 7 .  Here, similar to the alkalinity plot, the 
samples fran Everist ' s_ :p:>nd are quite l<:Mer in calcium hardness. Also 
similar to the �lkal inity plot an increase in calcium hardness of 
about 25 percent is shown for the IX:>nd water during the winter season. 
In the case of the upstream wells·, the calcium hardness on 9-28-84 is 
quite high, 47 0 ng/1 as caro3 , and drops to about 250 ng/1 as cacn3 by 
the spring sampl ing. Then, calcium hardness upstream fran Everist ' s 
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Figure 6 .  Al.kalini ty vs .  sampling date for various sanpling locations . 
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Figure 7 .  Calcium hardness vs . sanpling date for various sampling 
locations . 
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pond increases slightly for the summer sample to 270 ng/1 as cacn3 • 
'!he samples taken downstream fran Everist • s pooo, according to Figure 
7 constantly have less calcium hardness than the upstr�arn samples. In 
the fall the hardness is around 250 ng/� as caro3 then it drops to 
around 170 ng/1 by the spring only to clint> back to 240 by s�r . 
Figure 8 gives the relationship between magnesium hardness and 
date for the three sampl ing locations. Here the Everist ' s pond water 
is definitely lower in magnesium hardness than the other sampl ing 
locations. '!he pond water in the fall has a magnesium hardness of 136 
ng/1 as caro3 and is gradually reduced, with the exception of the late 
winter sampl ing results, until summer when the magnesium hardness is 
119 ng/1 . In the late winter an increase in magnesium hardness is 
noted. '!he sample of ground water up gradient fran the pond yielded a 
high magnesium hardness in the fall
_ 
( 220 ng/1 as caro3) and dropped 
off until late winter when it reached 160 ng/1 nagnesium hardness fran · 
where it slowly increased throughout the sampling period to about 170 
ng/1 magnesium hardness. Downstream fran the pond the magnesium hard­
ness results were very irratic. At the first and third sampl ing dates 
the magnesium hardness _ fran downstream is less than that fran upstream 
samples. '!be other sampl ing dates show higher magnesium hardness con­
tents in the downstream samples than in the upstream. 
'Ihe plot of total hardness vs . date, Figure 9 ,  for the sam­
pling locations makes a general point of saying that the upstream 
ground water is the hardest;  the pond water is the softest; and the 
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· Figure 8 .  .Magnesium hardness vs .  sarrpling date for various sarrpling 
locations . 
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Figure 9 .  'Ibtal hardness vs .  sampling date for various sanpling 
locations . 
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ground water . fram downstream locations falls somewhere in between. 
'!he winter season shows an increase total hardness of about 15 percent 
for the IX>OO water while for the same season the upstream and 
downstream samples show a signficant decrease in total hardness . In 
all cases the total hardness plot in Figure 9 is merely a s�tion of · 
. the respective calculated calcium and magnesium hardness means in 
Figures 7 and 8 .  
Figures 10 and 11 show the plots of manganese and iron vs . 
their respective sampling dates . For these figures, only four sam­
pling dates are connected by each of the upstream, downstream and pond 
water solid lines. '!he means from the first winter sample date cannot 
be used in any of the analysis because an error in sampling prese.rva­
tion occurred. The samples for 12-4-84 were not field filtered . 
Figures 10 and 11 also contain a horizontal line representing the EPA 
secondary drinking water standards of . 05 ng/1 for manganese and 0 . 3 
ng/1 for iron. 
For Figure 10,  the plot of manganese vs . date for the study 
area, shows the pond water at or below the • 05 ng/1 secondary standard 
in every case . The plots for manganese vs. date in upstream and 
downstream directions from the pond have common characteristics in 
that they both are above the 0 .05 standard line "for all seasons and 
that they both show a decreasing trend from fall until spring when an 
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Figure 10. Manganese vs .  sampling date for various sampling locations . 
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In Figure 11 the plot of iron vs . date for the Everist ' s IX>nd 
area, · every sample location mean · except one lies below 0 .3 ng/1 secorr 
dary standard. Once again the IX>nd location shows the_ best quality 
water with iron contents always less than 0 .2 ng/1 .  '!be downstream 
and upstream locations vary slightly but teoo to have the lONest iron 
concentration in the spring . 
Figure 12,  the plot of total dissolved solids vs. sampling 
date, is very similar to Figure 9 ,  the total hardness plot. In both 
cases the {X>nd water quality is clearly superior . Figure 12 again 
shONs that the winter conditions degrade the water quality in the pond 
by exhibiting an increase in total dissolved solids of about 11 per­
cent. '!he seasonal neans fran the upstream sampling location have the 
highest dissolved sol ids and show a decrease in total dissolved solids 
fran fall Wltil the eoo of winter when an increase in total dissolved 
solids starts and continues until summer .  The downstream locations 
for the ·total diss6lved solids vs . date graph fall in between the 
higher total dissolved solids upstream locations and the low total 
dissolved solids pond locations. It should be pointed out here that 
the total filterable r�sidue test was done incorrectly. '!be drying 
temperature used. was 104
°
C rather th� the recommended 180
°
C tempera­
ture. At this lawer temperature all of the bicarbonate alkalinity was 
unable to be converted to carbonate alkalinity, therefore the total 
solids content was higher than it should have been. 
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Figure 11 . Iron vs . sanpling date for various sarrpling locations . 
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Table 3 shows the water quality of the rat� and treated water 
being· treated at the Brookings East Water Treamient Plant am the 
average water quality of Everist 1 s pond water. '!be rCN water data is 
a mean fran the three municip:U water supply wells fran South Dakota 
Public Water System Data ( 21)  , that are pumped to the Brookings_ East 
·Water Treatment Facility . '!he treated water data shown in Table 3 is 
a treated canposi te sample fran the Brookings East Plant as reported 
by Public Water System Data (21) . '!he Everist 1 s pond water qual ity 
data is a mean fran the pond sampling locations. It is easy to see 
from this table the superior water quality of Everist 1 s  pond water. 
Table 3 also gives an indication of the increasing mineraliza­
tion with depth trend as previously mentioned in the literature 
review. '!he iron, manganese, total hardness and alkalinity are usual­
ly in greater quanti ties in the 65 foot deep wells than in the shallow 
sarnpl ing wells as shown in Table 2 .  
Table 3.  Average Water Quality . From Brookings East Water 
Treat:nent Facility and From Everist Pond 
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Paraneter Raw Water* Treated vlater** Everist Pond*** 
pH (units) 7 . 3  8 . 2  8 . 1 
Alkalinity 260 132 153 
(rrg/1 as eam3) 
Calcium Hardriess 319 195 136 
(rrg/1 as eam3) 
Magnesium Hardness 169 164 120 
(rrg/1 as cam3) 
'Ibtal Hardness 489 359 266 
(rrg/1 as eam3) 
Manganese 0 . 67 0 . 02 0 . 04 
(rrg/1) 
Iron 3 . 2 0 . 08  0 . 1  
(rrg/1)  
'lbtal Dissolved Solids 659 560 550 
(rrg/1 ) 
* Raw water da� is a oea.'"l. frcr.1 Brookings East Hater Treatrrlent 
Facility wells from South Dakota Public Water System Dctta (21)  . 
** Treated water data is a OOtniX'Site trean fran Brookings East 
vJater Treatment Facility from South Dakota Public Water System 
Dctta ( 21 ) . 
***Everist pqnd data is the average location mean from Table 2 . · 
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DISCUSSION OF RESULTS 
Methods of Treatment 
Figures 5 through 12 demonstrate a definite improvement in 
chemical water quali� as the ground water moves through Everist ' s  
pond. '!he quali� inprovement is def initely noted fran the upstream 
location to the pond but to a lesser extent, a slight water quali� · 
ifl1?rovement is shown fran the upstream to the downstream location. At 
this point, it can be concluded that Everist ' s  pond is providing 
treatment to native ground water as the ground water moves through the 
surface inp>undment. 
The treatment of ground water shown in Everist ' s  pond probably 
is not fran one treatment mechanisn but rather a result of a combina­
tion of treatment methods . '!he results dictate that a large portion 
of the water treatment by the pond .is a result of aeration as ex­
plained previously in the literature review. In aeration, the carbon 
dioxide fran the ground water is released to the atmosphere, which 
raises the pH in the pond . When the pH is in the range of 8 . 0  to 9 .0 
the solubili� product of the carbonate ion is exceeded, and it 
precipitates fran solution as calcitml carbonate, thereby reducing the 
calcit.nn hardness and alkalinity in the pond water ( 8} . Also aeration 
causes Everist ' s  pond to be saturated with dissolved oxygen which 
oxidizes iron and manganese to their insoluble forms and they settle 
OUt ( 8} • '!he Water sampled fran EveriSt I S  pond ShOWS an increase in 
pH, a reduction in alkal inity and calcitmt hardness as well as 
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considerable removals of iron and manganese, all evidence of treatment 
by ae·ration. 
Another reason for the inl:>roved water quality .in Everist ' s 
pond could be explained by photosynthetic activity . During the 
photosynthetic activity of aquatic plants and algae, carbon dioxide is 
taken in arXl used, oxygen is given off as a waste product . When the 
carbon dioxide is depleted due to extensive photosynthetic activity, 
the bicarbonates act as a source of carbon dioxide . 'D'le calcium ions 
in equilibril.Ull with bicarbonates are precipitated as calcium carbonate 
(15) . 'lherefore the photosynthetic process would alter the chanica! 
water quality by reducing the calcium hardness and alkalinity, also 
increasing the pH and dissolved oxygen content, similar to results of 
aeration. 
For extensive photo5)'nthesis to occur aquatic plants and algae 
nust have sources of carbon, hydrogen, phosphorus, nitrogen, oxygen, 
sulfur and other elanents present for cell developnent (15) . �rrnally 
ground water is devoid of same of these nutrients and their presence 
in a ground water pond or lake usually depems wholly on surface 
runoff entering the impoundment. For example, phosphorus in the 
ground water is �ufficiently reactive to be tightly bound to soils 
causing it to be a coiTU'OOn 1 irni ting element for photosynthesis to occur 
in ground water recharged ponds and lakes (15) . Also, although no ac­
tual plankton studies have been done on Everist ' s  pond, there is 
little algae present and little sign of any plant activity, indicating 
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that photo�nthetic activity may be is insignificant in affecting the 
chanical water quality. 
Direct inflCM as precipitation or runoff would al so  have an 
impact on the chanical water of a pond _such as Everist ' s . With water 
added to the pond as precipitation, which is normally of excellent 
· quality, dilution would be the treatment form. Diluting the pond 
water with rain water would reduce the chanical constituents and thus 
improve the quality. At the Everist site the annual rainfall of 20 .6 
inches (28) probably has ve� little effect on the water quality from 
the pond as di rect inflCM. For example, if one inch of rain was 
received it would dilute the chanica! concentrations by that one inch 
qivided by the depth of ten feet or about 0 . a  �rcent. Also, since 
the water is moving through the pooo the dilution effects are not ad­
ditive with each successive rainfall.  
Direct inflow_ of surface runoff entering a ground water pond 
such as ·the one in this study, potentially has a great impact on the 
chanica! water quality .  A good chanica! quality runoff such as snow­
melt or rail'lflater would dilute the pond water and improve the chemical 
quality. A contaminat� runoff from a feedlot containing fecal matter 
or from a chemi�l spill containing toxic material might severely 
deteriorate the chemical quality in the tx>nd and el iminate it as a 
};X>ssible municipal water supply. 
Upon seasonal in�ction there has been evidence of surface 
runoff flowing directly into Everist ' s I;X>nd. '!be direct inflow of 
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runoff has been noticed only in tines of snownelt and high rainfall. 
On the north side of Everist 1 s  Pond, . runoff enters the pond when the 
south railroad ditch becomes full of water . Similarly_, as the west 
road ditch holds water, the topography _allows this water to enter the 
};X)nd as runoff at the southeastern corner of Everist 1 s };X)nd. Since 
· runoff water of this nature is usually of good quality ,  no significant 
degradation in water qual ity probably occurred. However, with surface 
water reaching the };X)nd the };X)SSibility of contamination exists. 
'Ihe addition of organic matter by the inflow of surface runoff 
into the Ever ist 1 s gravel pit };X)nd would also tend to plug the };X)re 
spaces in the sand and gravel soils and thus reduce the permeability . 
A reduction in permeability would decrease the· amount of ground water 
flowing through the pond ai1d deter its effectiveness as a possible 
municipal water supply . 
Since the annual evaporation is greater than the annual 
precipitation for the Brookings area by 27 inches {28) , the effects of 
evaporation on a 45-acre pond in the Brookings area with respect to 
water quality . might also be significant. A great amount of evapora­
tion . caused by hot, dry weather would concentrate the ions and reduce 
the chanica! qual ity . '!he effects of evaporation on water qual ity 
would probably be less in a gravel pit of this nature due to the flow 
of ground water into and out of the pond. Because ground water flCMs 
-through Everist ' s  pond, the concentration due to evaporation will not 
be additive and will be only a small degradation to the existing 
chemical water quality . 
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'!he infiltration of good quality water through the soil into 
Everist ' s pond is probably one of the �st extensive methods of treat­
ment for the pom water . 'ntis portion of the Big Sioux aquifer. is not 
served by a well-established streambed. '!be broad expanse of sands . 
and gravel are covered by only a shallow layer of fine alluvial soils.  
Consequently, surface runoff fran the adj acent hills enters the valley 
and infiltrates quickly through the shallow soils to the sand and 
gravel . Without a stream channel to drain the up�r portion of the 
aquifer, the ground water raises during periods of excessive 
precipitation or spring snowmelt arrl drains slowly through the sands 
and gravels for several miles to reach a flowing stream. '!he result 
is that the upper portion of the ground water will be recently in­
filtrated and consequ�ntly in contact within soils and sands for only 
a short time. As a result, the shallow ground water will have a rela­
tively short time of contact with the soils dur ing which to dissolve 
mineral inpurities ( 2) . 
At the Brookings location, a unique set of circtmtStances ex­
ists that magnif.ies the imp3ct of recent surface runoff to that area 
just upstream ot" the Everist gravel pit pond. EaStern Brookings is 
developed with industries with large roof and parking lot areas (Coast 
to Coast, 3M Plant, etc. ) resulting in large amounts of surface runoff 
fran precipitation. 'Ibis runoff is channeled under the Interstate 2 9  
highway to the east near the railroad tracks . The railroad track 
ditches and adjacent shallow gravel pits located j ust north of the 
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Everist 1 s pond receive this surface runoff but retard its flow so that 
it infiltrates to the aquifer . This infiltration area is shown in 
Figure 3 by a gravel pattern j ust north of Everist 1 s  pond. 
Figure 13 shows the area that drains into the inf iltration 
basin, including the roof and parking lot areas of Coast to Coast and 
the 3M Plant. Figure 14  shows the existing infiltration basin. As a 
result of this infiltration, a large portion of the ground water in­
flow to the Everist 1 s pond is filtered rairwater that recently entered 
the aquifer and flowed only a short distance through the shallow sands 
and gravels. Consequently, the water is protected fran microorgai'lisns 
by natural filtration but chemically superior because of a lack of 
time to dissolve undesirable mineral constituents that cause hardness 
or iron and manganese that stain plt.lllbing fixtures {2 ) . 
'!he effects of infiltration of upstream surface water drainage 
on the chemical water qual ity in Everist 1 s pond al so  have the poten­
tial to severely degrade the existing water qual ity . Aey chemical 
spill or contamination _dtmtped in the upstream drainage area could 
cause contamination of the water in the Ever ist ' s IX>nd which would 
el iminate it as a IX>SSible municipal water supply. 
The influence of preciptation has a great effect on almost 
every gravel pit treatment method discussed. The amount of treatment 
achieved by direct inflow depends directly on the precipitation 
Figure 13 . Area that drains into infiltration basin. 
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Figure 14 . Infiltration basin north of Everist ' s pond. 
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received. At tines of low amounts of precipitation, dilution of the 
pond water will not be significant; however, the possibility of the 
addition of nutrients fran surface runoff will be no�xistant. '!he 
treatment due to infiltration is also yery dependent on precipitation. 
If adequate precipitation exists the addition of superior quality 
water to Everist ' s  pond will be extensive. 
causes of Varability at the Everist Gravel Pit Area 
'!he mean results shown in Table 2 ,  of the sampling points 
making up the upstream, downstream and porx1 water locations have shown 
by the analysis of . variance in A�rx1ix E the differences due to loca­
tion and date . A discussion of the �le location and date varia­
tions will be further discussed in a later section of this report. 'lb 
help understand the differences in sample means from various locations 
or from various _ dates of sample corlection more attention should be 
given to the sources of these variances . 
The variation in sample means of the same date due to location 
can usually be explained by several variables. '!be local soil 
chemistry certainly has an effect on the amount of leaching taking 
place at each well . If the soil inmediately sur rounding a well has a 
high concentrat�on of a particular metal , it stands to reason that the 
respective metal will Show up in � high concentration in the water 
sample from that well . Also, the amount of organic topsoil present at 
each well affects the amount of leaching that occurs.  A thick organic 
layer of soil would generate more carbon dioxide to be hydrol ized to 
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carbonic acid which would dissolve more soil naterials. '!he 
variation in water quali� due to location of wells is affected py 
topography too. In a place close to a road ditch or depression of aey 
sort better ground water might be found as a result of the effect of 
infiltration. A depression that collects water acts as an infiltra-
tion basin and a well located nearby would sample infiltrated water 
with less time of contact with the soil , thus having fSt�er dissolved 
materials.  '!he soil permeabili� is another influence on the varia­
tion in sample means by location. A highly permeable soil does not 
give a low pH water as much tine to dissolve minerals as a nearly inr 
permeable soil would. Another general concern in ground water qual ity 
. data from various well locations is the difference in their  upstream 
land uses. It makes sense that a ground water sample taken from a 
well immediately downstream from a !eed lot might have poorer chemical 
water quali� than a sample fran a well downstream fran a parking lot. · 
·'!he variation in sample means of the same location due to date 
can similarly be explained. Since each of the four seasons in the 
Brookings area provide different �s of weather, it is easy to see 
how climate changes might explain large variations in ground water 
quality .  Of the. average annual precipitation of 20 .59 inches, April 
through September accounts for 80 percent or about 16 inches ( 28) , as 
a result, this period is prone to the improvement of ground water 
quality by infiltration (28) • The treatment effects of inf iltration 
are usually better recognized in the late fall and early spring . In 
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the late fall, follO«ing a killing frost, the precipitation received 
will not be used by the plants; so hence a greater percentage of this 
moisture infiltrates into the ground. Similarly the snowmelt water in 
the early spring is not significantly u� by plants aoo is piSsed 
through the ground into the aquifer. 
'!he freezing conditions caused by the winter temperatures in 
the Brookings area can also be used to help explain sane of the varia­
tion in ground water due to date. '!he ice oover on a surface impound­
ment can keep the water in a pond fran caning in direct contact with 
the atmos};ilere. During the winter season, when aeration is not 
prevalent in the pond, reductions in alkalinity, calcium hardness, 
iron and manganese would not be as substantial .  
r.tlch of the variation in ground water sample means due to 
location and date may be the result of the interaction of the 
variabil ity involved in each. For example, at a certain date and 
location; a high amount of precipitation could leach a plume of dis­
solved materials fran that location OOwnstream where the plume might 
not be detected in a well until three to six months later or maybe, 
not at all .  
Another interaction of variables that might have a substantial 
impact on qual ity variations is that of the change of water table 
elevation in sampling wells with dates. All of the sampl ing wells 
were constructed with a three feet screen to sample the three to five 
feet of the aquifer belcw the water table. As the seasons change, the 
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water table elevations will also change . 'lherefore, at a sampling 
date when the water table is low only the extreme top of the aquifer 
will be sampled, and at a date when the water table is high and the 
pumping is. unable to drawddwn the well .the sample may not be fran the 
top of saturated zone. '!his variation due to water table elevation in 
· the sampling wells could be highly significant and should be evaluated 
in future groundwater qual ity studies . 
In Figures 5 through 12, the plots of each p:trameter vs date, 
the relationships are shown for upstream, downstream and pond water 
sampling locations . '!he upstream location is canposed of four sanr 
pling wells #3,  #4,  #5 am #6 , the downstream sampling location has 
two wells #1 and #2 and two sampl ing points P
1 
and P2 are included in 
the pond water location. ·since the differences in water quality be­
tween these three locations depe005_ entirely on the water quality at 
the sampling points contained in each location, a closer look at 
quality .variation between wells of the same location should be taken. 
Of the upstream wells # 3, #4 and #6 lie in similar sand and 
gravel soil conditions. '!he amount of time it takes to pump these 
wells to obtain a representative sample is nearly the same, so hence , 
the permeabil iti.es in the surrounding soils are similar . Upstream 
well #5 is constructed in a more irt1?ermeable soil . At this well the 
pumping yield is poor . Wells #4 and #6 lie downstream fran feed lots. 
At these wells the possibility of intercepting a plume of contaminants 
washed down by rain is possible. All of the upstream wells are 
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located sane what close to a ditch that could collect rainfall, so the 
possibili� exists of sampling recently infiltrated water . 
Of the upstream wells, well 13 has the best water quali� . It 
has a yearly total hardness average of . 370 ng/1 as caro3 , and con­
siderably lower iron and manganese concentrations than . the other up­
stream wells. At this well the higher quali� water might be due to 
local soil conditions but the best explanation of the i.Jrt:>roved water 
quality is by the effects of infiltration. 'Ibis well is located in a 
low area with a nearby ditch that, following rainfall, holds water, 
and acts as an infiltration basin. 
Well #4 is a well with infiltration potential and soil charac­
teristics very nuch similar to that of #3 . Fran Table 2 it is eV-ident 
that the water qual ity is ·almst the same as in well #3 except for the 
first sampling date .  At this sampl:ing date the total hardness reached 
1 , 150 ng/1 as caro3 am the total dissolved solids ballooned to 2 , 130 
ng/1.  One explanation is that the samples taken at this date were 
taken in a plume of contamination that was washed into the soil when a 
previous rainfall drenched the upstream farmyard. 
Well #5 has sane local soil characteristics that set it apart 
fran the other upstream wells.  At this well the soils are much 
tighter than at . the other sampling points. Because of the tight soils 
the time that it takes to obtain a representative sample increases . 
As this sampling time increases, mre aeration occurs which would 
reduce the alkal inity and increase the pH. 
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A particular point can be made, that illustrates the effects 
of pr
.
ecipitation on ground water qual ity, by looking at the data fran 
well #5 . In 0ct00er of 1984 the Brookings area received abnormal 
large amo�ts of rainfall ( 5 .10 inches) . (29) . At this time the uptake 
of soil misture by plants was very snal.l and the rainfall rooved 
directly through the soil into the shallow ground water . '!be first 
amolmt of rainfall to infiltrate and reach the water table will flush 
the soil moisture remaining from a previous dry period when 
evapotranspiration was high. '!his flush would be expected to carry 
high dissolved sol ids .  '!he subsequent rains will infiltrate down to 
the water table without washing appreciable dissolved sol ids down . 
'!bus, a sample taken shortly after the rain might sample a pltmte of 
IX>Or quality water but, when that {X>Or quality water has moved down 
gradient a sample taken at the same_ location might sample high quality 
water . At well iS the sample taken shortly after the October rains 
(12-4-84) had a total hardness of 750 ng/1 as eacn3 • '!he following 
samples taken in February ( 2-28-85) fran well iS resulted in a total 
hardness of 292 ng/1 as eacn3 , evidence that the pltmte of poor quality . 
water has moved down gradient and that the high qual ity rain water was 
being sampled. .Well #3 which is located alrost directly downstream 
from Well #5 also shows the pltmte of poor qual ity water rnO'ling 
downstream. '!he total har&:tess from the samples obtained in February 
at t3 is much higher than normal signifying the effects of the plume. 
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Fran a review of the water quality results for well #6 it is 
interesting to note that although this well has the poorest qual ity of 
all the upstream wells it provides the JOOst consistant results. '!he 
sample taken on . l2-4-84 shows the poorest quality for well #6 . Here 
again, the high rainfall amounts in October probably washed sape dis-
. solved constituents into the i.n"lrediate sampling well area. 
As a whole, the wells fran the upstream location show a 
quality inferior to that of the downstream and pond locations. '!he 
mean upstream results for each date as plotted in Figures 5 through 
12 , show a general treoo for all p:irameters. For every parameter the 
worst upstream sampling date was the first (9-28-84) • 'Ibis was 
pr imarily due to the extremely poor water qual ity from well #4 at 
this date and may not be a true representation of the upstream water 
quality for the fall season. In any case , following the fall sampling 
date the upstream water quality showed a great improvement particular� · 
ly in the winter . At this time the high quality infiltrated rain 
water was showing its effect. After the winter season the water 
quality at the upstream location started to degrade slightly . Here 
the spring snowmelt is_ starting to infiltrate through the soil and 
again car� dis�olved materials . 
'!he porXl sampl ing location includes the
· 
sampl ing points of P1 
and P2 • At P1 the pond depth is about ten feet while at P2 the depth 
of Everist ' s pond is approximately sixteen feet. At both sampling 
points the samples were collected at a depth of eight feet. As shown 
fran Table 2 ,  the variability in water quality between the two pooo 
sampling points is al:roost nonexistant. 
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As the winter season arrives and the pond becanes covered with 
ice, a ch�e in pond water quality results. '!be ice cover prevents 
aeration of the pond water and the treatment effects by aeration are 
· reduced. Figures 5 through 12 show a definite decreased water qual ity 
in Everist ' s  pond during the winter season. A decrease in pH fran 8 .2 
to about 7 .  7 is noted, also increases in alkal inity, calcium hardness 
and total hardness are 23 , 25 and 15 percent respectively . Although 
the effects of aeration in the winter were reduced, the dissolved 
oxygen content was only slightly below saturation (10 .4  mg/1 of dis­
solved oxygen at 5 .5°C on 2-28-85) • 'Iherefote, an abundance of dis-
solved oxygen remained in the water, and although aeration was 
reduced, treatment was still effective . 
'!he downstream sampling location results are a mean fran well 
#1 and well #2 . As shown by Figure 3 ,  these wells lie directly 
downstream from Everist • s  pond by separated approximately sixty yards . 
At these downstream wells particularly well #1 infiltration may have a . 
large effect on the water quality . Occasionally times of high water 
exist when Ever ist • s pond runs over its banks . When this happens the 
water table lies above the ground and well #1 is under water . At such 
times well #1 would be expected to produce a water quality very 
I 
similar to that of Everist • s  pond. 
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At well i2, local soil conditions are prOOably the cause of 
great variation in the results when canp:tring them to well #1 .  For 
example, the magnesium hardness and alkalinity were substantially 
higher at well 1 2 .  U>cal. soils with a _ high magnesium content must be 
present at well #2 . 
'!be mean results fran the downstream wells show a water 
quality improvement fran the upstream location and a de�radation in 
water quality as the ground water moves fran Everist • s pond. A p:tr­
ticular degradation in water qual ity fran the downstream sampling 
location is shCMn by the first winter sampling results. Similar to 
previous discussions this degradation may have been due to the in­
filtration of October rainfall washing down a large amount of dissol­
ved material . '!he next sampling date also follows the previously dis­
cussed pattern. At this tine the �ater qual ity may have been sig­
nificantly iut>roved que to infiltration of the later OctdJer rain­
water, after the plume of dissolved materials had passed. '!be poorer 
water quality at the downstream location comtared to the pond location 
shows that as the ground water p:lsses through the sixty yards of soil 
fran_ the pom to the downstream wells it is able to dissolve soils.  
Table Dl in Appendix D, the chanica! analyses performed at the 
State Health Dep:irtment Laboratory in Pierre, South Dakota, shows sane 
interesting results. First, the evidence presented in Table Dl fol­
lows the basic conclusion that the Everist • s pond water is better 
water quality than at the upstream or downstream sampl ing locations. 
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Also, the results of the J;Brameters oonsidered in this study are very 
similar to those presented in Timle 2 .  '!he other water p:lrameters 
tested for basically sh<:Med that the upstream sampling wells, :tar­
ticularly #5 and 16 , were high in nitr�tes, chlorides, sodium and 
specific oonductance . At every sampling location tested the Langlier 
Index was �sitive meaning that the water was not oorrosive. 
Table Dl also sh<:Ms the results of the chemical analyses oone 
on Freyberg 1 s �nds . '!he two �nds analyzed were the northeast �nd 
and the southeast �nd a shown in Figure 3 .  '!be results showed that 
these �nds, similar in nature to Everist 1 s �nd, had poorer water 
quality than at Everist 1 s �nd. 'lhese �nds are not J;Brt of this 
study area and further oonclusions should only be drawn after a 
thorough study of the Freyberg pond area. 
Sa�Ji>le Location and Date VariationS 
'!he analysis of variance for the variations in location of the 
sample and date of the sample are shown in Appendix E .  In order to 
make the analysis of variance calculations easier by having the same 
number of experimental units, the second sampling date ( 12-4-84)  con­
taining eight observations ( 4 samples, 2 analyses each) was spl it into 
two dates of four ooservations. For each pirameter the location, date 
and interaction of location with .date sources of variances have been 
analysed. In every case it was found that these sources of variance 
were significantly different at the 0 .01 level . In other words, for 
every p:irameter there is at least a 99 �rcent chance that there is a 
. . . 
variation with samples taken at different locations and there is at 
least a 99 percent chance that a variation with samples taken at 
different dates exists. Similarly the significant interaction of 
location and date says that CNer all of the dates there is a 99 per­
cent chance that there is a variation due to location and vice· versa 
(27 ) . 
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Following the analysis of variance a Waller-Duncan K-ratio t­
test was done on each p!rameter, also 
-
in Appendix E. Since this test 
is only inteOOed for pairwise COJil};e.risons, the first Waller-Duncan 
test is COJII};e.ring the sample means fran the various locations aver all 
of the dates and the second set of Waller-Duncan tests is canparing 
the sample means fran the various dates over all of the locations. In 
every case if the letter corresp:>nding to the Waller grouping is the 
same for two or more locations {or_ dates) then the means at that loca­
tion {or date) are not significantly different. 
· It should be pointed out that the use of Waller-Duncan K-ratio 
t-tests as a method of comparing means for this experiment can give 
slightly biased information. Since the means for each location {or 
date)  are significantly different the grouping of these means into a 
mean over all of the locations {or dates) might not be representative. 
For example, at well #4 the total hardness means for the five re�c­
tive sampling dates were 1155, 432, 352 and 297 ng/1 as cam3 mean for 
that location. 
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In the first set of Waller-Duncan K-ratio t-tests same 
inp>ttant relationships are noticed. First of all, for every p:trarne­
ter except pH the two sampling points in the IX>rxl were not sig­
nificantly different. '!he · difference in means fran the two IX>rxl loca­
tions considering all sampling dates for pH was only one tenth · of a 
unit. Since the reiX>rting significance for pH is to the tenths 
digit, this amoWlt of error could simply be due to rounding. Another 
important relationship sham is that, for all of the !8rameters the 
pond water, considering all of the dates including the critical winter 
coooitions, displayed the best quality water . · '!he water collected 
fran Everist ' s  pond had the highest pH and lowest alkalinity, calcium 
hardness, magnesium hardness, total hardness' iron, manganese and dis­
solved solids .  
In the second set of Walle�-Duncan tests, as shown in Ap�ndix 
E, the sample means for each testing date considered over all of the 
locations are canp:tred. In this set of canp:trisons for all parameters 
tested, alroost every date is significantly different fran one another . 
Also, for the most p:trt, CNer all of the locations, the poorest water 
quality was found at the first two sampling dates. 
Savings Incurred t:zl the Use of Everist' s Pond as a Municip;tl Sup,ply 
Table 3 shows an average of the existing quality of the reM 
and treated water as it enters and leaves the Brookings East water · 
Treatment Facility ( 21)  and the annual average water quality found in 
Everist ' s pond. According to Kothari (3) and by inspection, it can be 
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said that the o�n body of water, resulting fran gravel excavation, 
has a s�rior chemical quality 
'
when caniBred to the wells supplying 
raw water for the City of Brookings. Also the gravel .pit pond has 
slightly tetter chemical qual ity when �IBred to the treated East 
Water Treatment Facility water . '!he inprovement in the pOnd water is 
· most evident � the comparison of the characteristics of total hard­
ness and by the concentrations of iron and manganese. 
'lbe use of Everist ' s pond as a supplemental m.micipal water 
suwly could be expected to save the City of Brookings a significant 
amount of rooney in chemical costs. As explained earlier the annual 
lime and alun use for IBrtial softening by the East Water Treatment 
Facil ity totaled 397 , 520 pounds and 25 ,590 pounds re�ctively. '!he 
use of Everist ' s pond water as a munici:pil supply would not require 
the �rtial softening process.  At the 1984 chemical costs of $78 .75 
�r ton of lime and $6 .10 per fifty pound bag of alun, using only 
water IUnped fran Everists pond as a source would result in an annual 
savings of $18, 774 (calculations are shown in A�ndix F)  (plant 
recoras ) . '!he use of Everist ' s pond water supplementary with the ex­
isting raw water suppl �es would result in a �rcent savings in lime 
and al un  costs equal to that of the percent of Everist ' s pond water 
used. 
A reduction in the East Water Treatment plant effluent in tcr 
tal hardness of about one-third by using water fran Everist pond 
rather than the harder ground water supply, would also result in 
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savings to the Brookings residents. As previously mentioned, Kelton 
(23 )  in 1969 ,  shQrled that 92 .5 percent of all Brookings residents used 
softened water in their banes. A hardness reduction of one-third 
would sav� one-third of the salt used to regenerate an ion exchange 
softener, am therefore one-third of the money annualy . spent on salt. 
In Brookings by using the chloride data d:>tained in July 1985 
to determine the aiOOW'lt of locally softened water (Appemix B) , an an­
nual savings in salt costs can be determined. It should be pointed 
out here that same of the chlorides from water softening systems in 
Brookings are not discharged to the sanita� sewer and are not ac­
counted for . Also, because of the July chlorides data when most snsu 
students are not present, a large p:trt of the city ' s  water softemng 
systems are not included. '!he calculations, shown in Appemix F, show 
that an estimated annual salt saviJ?gs of $45 , 87 0  can be achieved by 
using the softer Everist pond water as a rnunicipil supply . 
· Additional savings to consumers, by using a softer rnunicipil 
water are possible. Reduced water and sewer bills would result fran 
the reduced amount of water needed to regenerate bane softeners . 
Softer water also, would not require as much soap in cleaning and 
bathing, thus, leading to savings in soap costs. 
Probably one of the most considerable savings to the City of 
Brookings with the use of Everist pond water, would be the savings in 
pumping costs. Pumping costs in a piping system are directly relative 
to the amount of static head, tpe vertical distance pumped that a pump 
nust be able to meet. A IOOre extensive cost analysis including 
construction, pumping and treatment for the Everist area should be 
done in full . At this time such an analysis would be premature, 
hence , it is not included in this study . 
Everist' s Pond as a MuniciPJl Water SJJWJ.y 
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'!he potential for the use of a large-scale gravel excavation 
in a shallow aquifer as a municipal water supply clearly exists. And 
surely the superior chenical water quality fran the Everist area in 
Brookings makes it attractive as a source of water . However, sane 
possible limitations oo exist.  
The volume of water contained in Everist ' s  gravel excavation 
is approximately 150 million gallons. This amount would be enough to 
supply the Brookings East Water Treatment Facility at its 1984 average 
daily demand of 1 .33 million gallons per day for a period of 110 days . 
(plant records ) • Because of the highly permeable outwash soil 
material in the shallow aquifer Brookings area, adequate water would 
probably enter the pond making its yield of water mudl greater than 
the actual storage present. 
It is important to the life of Everist ' s  pond as a water sup­
ply to be oonscious of threatening situations in the area. A land use 
plan for the area that drains into the infiltration basin j ust north 
of Everist • s pond and the near upstream area of the Big Sioux Aquifer, 
might be effective in oontrolling the infiltration of contamination 
caused by spillage or neglect into the pond water . Also, the 
67 
prevention of surface runoff entering Everist ' s �nd would help to 
control �ssible problems. Without the organic load often present in 
surface runoff, the soil pores will remain unclogged by organic 
material which will maintain the desir�le high �rmeability rates. 
'!he absence of runoff entering the pond will likewise reduce the po&­
sibility of contaminants entering the pond. 
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SUMMARY AND CDKLUSIONS 
'!he intention of this study was to evaluate the practicability 
of a gravel excavation pond in a shallow aquifer area as a suppleme� 
tal nunicipal water supply. '!he endeaver of evaluating a new water 
source will be a familiar one in the future as existing resources be-
cane exhausted aoo contami.ria ted . Research must be conducted at many 
locations with differing climates and site conditions to provide the 
basic information necessa� in order that future �ngineering decisions 
made in this area will be soundly justified. 
The research results presented here were to compare the water 
quality at various locations as ground water moved through a gravel 
pit p:>nd. Fran various upstream and downstream locations with respect 
to the p:>nd am ground water flow, as well as locations in the p:>nd, 
-
samples were collected and analysed for general water qual ity p:lra-
meters .  Information about each sampling p:>int was used to explain the 
variation in sample results and determine what, if any, treatment 
occurred . 
Results of the investigation indicate the following 
conclusions : 
1.  Analysis of water quality data by statistical analysis of 
variance indicated that significant differences in quality 
existed between sampling locations, between dates and be-
tween dates at individual locations . 
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2 .  '!he Chenical water qual ity data fran the sampl ing points 
located in Everist 1 s  pond clearly show that superior water 
qual ity exists there. 'lbtal hardness is less than the 
Brookings East · water Treatment Facil ity treated effluent. 
Iron and manganese concentrations in the pond are clearly 
less than the secondary drinking water standards of 0 . 3  · 
and 0 . 05 mg/1 respectively. 
3 .  In the critical winter conditions, when ice cover prevents 
Everist 1 s pond fran being aerated, the pond water showed a 
degradation in qual ity of 23 percent for alkal inity, 25 
percent for calcium hardness, 15 percent for total hard-
ness and 11 percent for total dissolved sol ids . Iron and 
manganese ranained about the same throughout the season. 
'!he pH dropped fran 8 .� to about 7 .  7 when ice covered the 
I;X)nd. 
· 4 .  '!he late winter sampl ing date showed a suhstantial im­
provement in water qual ity for the upstream and downstream 
wells. 
5 .  '!he area immediately north of Everist 1 s pond acts as an 
infiltration basin where high qual ity rainfall runoff from 
the upstream drainage area, which includes the roof and 
parking lot areas fran Coast to Coast and the 3M Plant, 
infiltrates and contributes to the ground water inflow . 
'!he infiltrated water is protected fran microorganisms by 
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natural filtration and is chemically superior because of 
lack of time to dissolve undesirable mineral constituents 
that cause hardness or iron and manganese that stain 
plumbing fixtures. 
6 .  '!here is evidence that at Feriods of excessive moisture, 
usually snowrnel t and heavy rainfalls, amounts of surface 
water as runoff enters Everist ' s  pond. 
7 .  Annual savings in chemical costs by the City of Brookings 
from using the superior qual ity Everist pond water as a 
m.micipal water supply, could be as much as $18 , 774 . '!he 
use of the pond water as a supply would reduce the quan­
tity of total hardness in the water in the distribution 
system and result in substantial financial savings to the 
residents of Brookings _in salt needed for softener 
regeneration alone. 
REXDMMENDATIONS 
'Ibis research has provided sane basic information necessary 
for evaluating the seasonal effects of gravel excavation on ground 
water qual ity in the Brookings area. '!he following recommendations 
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. are made for futur e studies involving the Everist gravel pit area with 
particular emphasis on its use as a su�emental municipal water 
supply . 
1. '!he banks of Ever ist ' s gravel pit ponq should be built up 
to prevent any surface runoff fran entering the pond. 
'Ibis could be done by the addition of material to the 
banks through minimal dirt work. 
2 .  '!he infiltration area upstream fran Everist ' s pond should 
be cleaned of fine soils aoo debris to increase its �r­
meability and fully utilize its treatment potential . It 
would be beneficial also if the natural drainage to the 
infiltration area would be enhanced as needed. 
3 .  More research as to the effects of the infiltration area 
as a treatment mechanisn should be canpleted. 'Ibis 
evaluation could be accrinplished by examining the water 
qual ity of the surface runoff entering the infiltration 
area and studying the· water quality of the water moving 
into Everist ' s  pond fran strategic sampl ing well 
locations. 
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4. A similar study could be conducted on the seasonal in­
fluence of gravel excavation on ground water qual i� with 
special emphasis on the fluctuations in water table eleva­
tion with respect to each . sampling well.  
5 .  Research could be started to determine the extent - of 
entroiitication in the pooo. 'Ibis study would involve a 
study of aquatic plants and algae in Everist ' s pond. 
6 .  A pilot study should be conducted as to the water quali� 
changes in the pooo as a result of puinping . 'Ibis could be 
done in connection with an evaluation of the treatment 
process at the Brookings East Water Treatment Facili� for 
water from Everist ' s  pond. 
7 .  '!he Ci � of Brookings should start negotiations for water 
rights to the Everist pond area for use as a supplemental. 
municipal water source . 
8 .  z.t>re detail and study should be analyzed to arrive at es­
timations of financial savings concerning chemical costs, 
pumping costs and costs to the consumer, resulting fran 
the use of Everist ' s  pond as a supplemental municipal 
water supply . 
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APPENDIX A 
Treatm:mt at Brookings Fast Water Treatment Facility 
. .  
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Summacy of Treatment of Brookings East Water Treatment Facjl jty 
Upon entering the Brookings East Water Treatment Facility, the 
water p:tsses through an induced-draft aerator which oxidizes much of 
the iron and manganese in the water and strips �ey such gases as car­
bon dioxide and hydrogen · sulfide. Following aeration, · the water ent­
ers a sol ids
-
con�ct basin. where lime (ca (OH) 2> and all.lninun sulfate 
(A12 ( S04 ) 3) are added to increase the pH, improve coagulation, and 
partially soften the water . Next, the clarified water flCMs to a 
recarbonation basin where carbon dioxide gas is added to stabilize the 
water and to prevent the build up of calcium carbonate on the grains 
of the filter medium. Potassium };:errnanganate (KMn04 ) is also added at 
this J;X>int to precipitate any unoxidized iron and manganese prior to 
filtration. The rapid gravity filters consist of anthracite coal un­
derlain by graded supporting gravel . After filtration, the water is 
chlor inated and fluoridated to produce a J;X>table water supply ( 9) . 
The · usual chemical dosages used in the water treatment process 
are as follows (9 ) : 
Lime 90 ng/1 
Aluninun Sulfate 10 ng/1 
carbon Dioxide 6 ng/1 
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calculations of Water Softened from Chlorides rata 
Calculations of Water Softened fran Chlorides Data 
Brookings East Water Treatment Facility Chlorides Data 
Effluent on 7-3-85 5 .7 mg/1 
Effluent on 7-11-85 6 .1 mg/1 
Average = 5 .9 mg/1 
Brookings Waste Water Treatment Facility Chlorides Data 
Flow = 2 .41 mgd 
Raw on 7-3-85 215 .9 mg/1 
Raw on 7-11-85 203 .9 mg/1 
Average = 209 .9 mg/1 
E.W. NaCl = 58.5  EW Cl = 35 .5 
. 80 
-Pounds of chlorides = ( 209 .9-5 .9 mg/l) x8. 34x2 .41 ngd = 4100 .3 lbs/day 
of chlorides 
� 
Pounds of salt 4100 .3 lbs/day x 35 :5 = 6756 .7 lbs/day of salt 
At 9 lbs of salt/80 0  ' gallons softened (fran Artz Locker and Soft Water 
Service) 
� 
6756 .7 lbs/day x 9 lbs x 800 gallons = 600 ,595 gallons softened/day 
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APPENDIX C 
Results of Water Quality in Everist Gravel Pit Area 
Table Cl . Results of Water Quality in Everist .Gravel Pit Area 
Alkalinity Calcium �1agnesium Total Total 
location rate (liDits) (ng/1 as Hardness Hardness Hardness Manganese Iron · Dissolved 
CaCD3) (ng/1 as (ng/1 as (ng/1 as (ng/1) (ng/1) Solids 
eam3) CaCD3) Ca0)3) (ng/1) 
Well #1 9-28-84 7 . 8 264 219 124 343 0 . 54 0 . 4 790 
7 . 9 256 222 124 346 0 . 55 0 . 3  800 
7 . 9  250 218 125 343 0 . 50 0 . 3  802 
7 . 8 255 223 126 349 0 . 55 0 . 3 792 
12-4-84 7 . 4 293 275 164 439 NA NA 903 
7 . 3  286 263 156 419 NA NA 850 
7 . 3 284 255 156 411 NA NA 815 
7 . 4 281 250 144 394 NA NA 795 
7 . 5  299 290 , 176 466 NA NA 921 I 
7 . 2  304 288 160 448 NA NA 909 
7 . 2  283 255 152 407 NA NA .  858 
7 . 5 286 253 144 397 NA NA 823 
2-28-85 · 7 . 2  166 133 80 213 0 . 27 0 . 2  486 
7 . 2  161 140 79 219 0 . 30 0 . 2  509 
7 . 2  163 130 75 205 0 . 23 0 . 2  508 
7 . 2  160 133 73 206 0 . 28 0 . 2  4 80 
4-25-85 7 . 4 190 143 95 238 0 . 24 0 . 1 499 
7 . 5 190 148 95 243 0 . 22 0 . 1  531 
7 . 3  190 148 95 243 0 . 22 0 . 1  520 
7 . 4 188 140 96 236 0 . 26 0 . 1 510 
6-25-85 7 . 2  234 246 156 402 0 . 52 o .• 2 872 
7 . 2 236 245 150 395 0 . 50 0 . 2  918 
7 . 2  233 243 1: 146 389 0 . 55 0 . 2 978 
7 . 2  232 245 151 396 0 . 55 0 . 1  1020 00 t\J 
Table Cl (Continued) . Results of Water Quality in Everist .Gravel Pit Area 
Alkalinity Calcium Magnesium Total Total 
IDeation rate (units) (ng/1 as Hardness Hardness Hardness Manganese Iron . Dissolved 
eam3) (ng/1 as (ng/1 as (ng/1 as (ng/1)  (ng/1) Solids eam3) cam3> eam3>. (ng/1) 
Well #2 9-28-84 7 . 7  340 272 226 498 0 . 20 0 . 3  1110 
7 . 8 350 264 229 493 0 . 20 0 . 3  . 1100 
7 . 8 360 278 227 505 0 . 19 0 . 2  1070 
7 . 7 350 278 228 506 0 . 20 0 . 2 1080 
12-4-84 7 . 3 430 270 320 590 NA NA 1360 
7 . 3 431 265 319 584 NA NA 1360 
7 . 3  427 260 316 576 NA NA 1260 
7 . 3 432 265 317 582 NA NA 1330 
7 . 3 432 260 f 312 572 NA NA 1270 
7 . 3 436 250 315 565 NA NA 1300 
7 . 3  429 255 324 579 NA NA .  1280 
7 . 3 443 258 321 579 NA NA 1270 
2-28-85 · 7 . 2 360 233 197 430 0 . 19 0 . 4  959 
7 . 1  360 223 195 418 0 . 22 0 . 4  1030 
7 . 2  361 218 197 415 0 . 20 0 . 4  1070 
7 . 3  360 210 197 407 0 . 21 0 . 4 1000 
4-25-85 7 . 1 375 195 256 451 0 . 21 0 . 1 1100 
7 . 1  380 195 258 453 0 . 20 0 . 1 1070 
7 . 2 381 193 262 455 0 . 21 0 . 1  1090 
7. 2 275 195 260 455 0 . 22 0 . 1 1140 
6-25-85 7 . 0  370 246 246 492 0 . 22 0 .• 2 996 
7 . 0  363 245 240 485 0 . 23 0 . 2  1050 
7 . 0  364 233 242 475 0 . 21 0 . 2  1070 
7 . 1 364 240 237 477 0 . 23 0 . 2  1020 (X) w 
Table Cl (Continued) . Results of water Quality in Everist Gravel Pit Area 
Alkalinity Calcium Magnesiun 'lbtal Total 
Location Date ( \IDi ts) (nrj/1 as Hardness Hardness Hardness Manganese Iron Dissolved 
eam3) (ng/1 as (ng/1 as (ng/1 as (ng/1) (ng/1) Solids 
eacn3) CaCD3) cam3) . . (mg/1) 
Well #3 9-28-84 7 . 7  383 247 172 419 0 . 13 0 . 3 946 
7 . 7  387 250 172 422 0 . 13 0 . 3 966 
7 . 7  385 252 172 424 0 . 13 0 . 3 9 58 
7 . 7 385 253 172 425 0 . 12 0 . 3 938 
12-4-84 7 . 4  293 235 172 407 NA NA 9 30 
7 . 4 293 233 156 389 NA NA 897 
7 . 5 2 88 230 164 394 NA NA 835 
7 . 5 294 225 , 152 377 NA NA 756 
7 . 3  291 225 
I 
160 385 NA NA 771 
7 . 4 293 223 148 371 NA NA 7 41 
7 . 4  295 230 164 394 NA NA 790 
7 . 4  297 220 148 368 NA NA 744 
2-28-85 7 . 3 366 240 180 420 0 . 05 0 . 2  774 
7 . 3  363 253 176 429 0 . 05 0 . 1  867 
7 . 3  356 238 178 416 0 . 05 0 . 1 800 
7 . 3  358 245 176 421 0 . 05 0 . 1  824 
4-25- 85 7 . 2  205 150 123 273 0 . 03 0 . 2  634 
7 . 3 208 152 125 2 77 0 . 05 0 . 2 605 
7 . 2  210 150 125 275 0 . 06 0 . 2  660 
7 . 3  210 148 123 2 71 0 . 03 0 . 2 638 
6-25-85 7 . 1  258 190 14 8 338 0 . 04 o·. 1  7 89 
7 . 1  260 190 138 328 0 . 08 0 . 2  794 
7 . 0  258 190 140 330 0 . 09 0 . 2 BOO CD 
7 . 0  258 190 144 334 0 . 08 0 . 1  812 � 
Table Cl (Continued) • Results of water Quality in Everist Gravel .Pit .Area 
Alkalinity Calcium Magnesium 'lbtal 'lbtal 
IDeation Date ( tmits) (ng/1 as Hardness Hardness Hardness Manganese Iron Dissolved 
cam3) (ng/1 �s (ng/1 as (rcg/1 as (rcg/1) (rcg/1) Solids 
cacn3) cacn3) caoo3 ) (rcg/1) 
Well #4 9-28-84 7 . 5 428 860 300 1160 2 . 10 0 . 8 2110 
7 . 6  433 865 301 1170 2 . 00 0 . 8 2070 
7 . 6  430 845 301 1150 1 . 90 0 . 8 2160 
7 . 5 430 835 300 1140 1 . 80 0 . 8  2200 
12-4-84 7 . 3 307 2 85 164 449 NA NA 1040 
7 . 3  308 278 148 426 NA NA 923 
7 . 3  301 275 I 164 439 NA NA 995 
7 . 3 302 270 148 41 8 NA NA 9 71 
7 . 3 302 275 164 439 NA NA .  9 83 
7 . 3  303 270 14 8 418 NA NA 893 
7 . 2  300 280 164 444 NA NA 992 
7 . 2  304 273 152 425 NA NA 967 
2-2 8-85 7 . 3  301 240 129 369 0 . 15 0 . 4 755 
7 . 3  300 223 123 346 0 . 17 0 . 4  770 
7 . 3  300 220 127 347 0 . 13 0 . 4  791 
7 . 3  300 220 127 347 0 . 15 0 . 4  785 
4-25-85 7 . 3  320 200 125 325 0 . 09 0 . 2 775 
7 . 4  315 205 125 330 0 . 11 0 . 2  737 
7 . 3 308 210 126 336 0 . 09 0 . 2  781 
7 . 3  313 205 130 335 0 . 08 0 .. 2 763 
6-25-85 7 . 0  278 190 103 293 0 . 14 0 . 2 819 
7 . 0  278 192 109 301 0 . 14 0 . 2  817 (X) 
7 . 0  276 190 106 296 0 . 12 0 . 2 830 l11 
7 . 0  2 80 195 . 104 299 0 . 15 0 . 2  814 
Table Cl (Continued) . Results of Water Quality in Everist .Gravel Pit Area 
Alkalinity calcium Magnesium Total Total 
IDeation Date (units) (ng/1 as Hardness Hardness Hardness Manganese Iron Dissolved 
cam3) (ng/1 as (ng/1 as (ItYJ/l as (nY:J/1) (ng/1) Solids CaCD3) (Ca<D3) (CaCD3) (ItYJ/1) 
Well #5 9-28-84 7 . 4  333 350 19 8 54 8 0 . 15 0 . 2 1120 
7 . 4  338 364 199 563 0 . 15 0 . 2  1100 
7 . 5  335 358 19 8 556 0 . 16 0 . 3 1190 
7 . 4  335 362 19 8 560 0 . 18 0 . 2 1210 
12-4-84 7 . 6 326 490 2 83 773 NA NA 1530 
7 . 7  329 493 281 774 NA NA 1500 
7 . 9  326 525 2 87 812 NA NA 1590 
7 . 8 334 500 289 7 89 NA NA 1580 
7 . 7 321 4 50 i 267 717 NA NA 1440 
7 . 7  32 8 4 50 268 718 NA NA 1410 
7 . 7  322 465 242 707 NA NA 1380 
7 . 7 329 465 240 705 NA NA 1400 
2-28-85 7 . 6  223 183 103 2 86 0 . 44 0 . 1 682 
7 . 6 218 188 112 300 0 . 48 0 . 1  599 
7 . 6  220 183 101 2 84 0 . 46 0 . 1 608 
7 . 7 221 188 112 300 0 . 48 0 . 1  674 
4-25-85 7 . 7  255 240 155 395 0 . 77 0 . 1  865 
7 . 7 260 240 157 397 0 . 76 0 . 1  901 
7 . 7 255 243 157 400 0 . 75 0 . 1  880 
7 . 7 257 247 157 404 0 . 74 0 . 1  886 
6-25-85 7 . 1  2 82 310 188 498 1 . 00 0 . 2  1120 
7 . 2 2 84 308 190 498 0 . 96 0 . 3  955 
7 . 1  283 306 186 492 0 . 93 0 . 3 1060 co 
7 . 1  2 83 310 194 504 1 . 00 0 . 3 997 0\ 
Table Cl (Continued) • Results of Water Quality in Everist .Gravel Pit Area 
Alkalinity calcium t-1agnesiun Total Total 
l.Dcation rate ( tmi ts) (ng/1 as Hardness Hardnes Hardness Manganese Iron · Dissolved 
cacn3) (xrq/1 as (xrq/1 as (xrq/1 as (mJ/1 ) (ng/1) Solids cam3) cacn3) cacn3) (ng/1) 
Well #6 9-28-84 7 . 4  415 413 210 623 0 . 57 0 . 8 1380 
7 . 4  423 411 209 620 0 . 62 0 . 8 1370 
7 . 5  430 425 210 635 0 . 48 0 . 9 1430 
7 . 5  4 22 425 212 637 0 . 48 0 . 9  1440 
12-4-84 7 . 3  398 450 250 700 NA NA 1430 
7 . 2  403 448 254 702 NA NA 1530 
7 . 2  393 440 254 694 NA NA 1410 . 
7 . 2  399 440 250 690 NA NA 1440 
7 . 1 388 435 f 242 677 NA NA 1420  
7 . 1 394 430 250 680 NA NA 1410 
7 . 0  382 420 262 682 NA NA .  1490 
7 . 0  389 41 8 254 672 NA NA 1450 
2-28-85 . 7 . 0  410 380 213 593 0 . 09 0 . 1  1340 
7 . 0  409 378 234 612 O . ll  0 . 1  1290 
7 . 0  408 378 238 616 0 . 09 0 . 1  1330 
7 . 0  409 390 230 620 0 . 13 0 . 1  1370 
4-25-85 7 . 0 44 9 410 245 655 0 . 10 0 . 1  1400 
7 . 0  443 410 247 657 0 . 14 0 . 1  1480 
7 . 1  44 5 400 241 641 0 . 12 0 . 1  1370 
7 . 1 446 400 242 642 0 . 13 0 . 1  1510 
6-25-85 7 . 0  415 390 240 630 0 . 11 0 . 2 1430 
7 . 0  413 390 236 626 0 . 13 0 . 2  1530 
7 . 0  415 386 232 618 0 . 12 0 . 2  1480 
7 . 0  410 390 250 640 0 . 14 0 . 2 1510 co .....) 
Table Cl (Continued) . Results of Water Quality in Everist .Gravel Pit Area 
Alkalinity calcium �1agnesium Total Total 
IDeation Date (tmits) (rrg/1 as Hardness Hardness Hardness Manganese Iron Dissolved 
eam3) (ng/1 as (ng/1 as (ng/1 as (ng/1)  {ng/1)  Solids 
earo3> eam3> eam3> . 
{ng/1) 
-------------------------------
pl 9-28-84 8 . 2  145 125 139 . 264 0 . 06 0 . 2 545 8 . 2  145 118 143 261 0 . 06 0 . 2  565 
8 . 1  145 119 135 254 0 . 05 0 . 2  579 
8 . 1 145 119 135 254 0 . 05 0 . 2  559 
12-4-84 7 . 5  145 140 139 279 NA NA 600 
7 . 5  14 6 140 127 267 NA NA 564 
7. 5 151 150 123 273 NA NA 570 · 
7 . 5 150 143 , . 127 270 NA NA 540 
8 . 0 151 145 I 123 268 NA NA 464 
8 . 0 14 9 138 123 261 NA NA 502 
7 .  9 151 150 131 2 81 NA NA 488 . 
7 . 9  150 138 144 2 82 NA NA 470 
2-28-85 7 . 7  178 150 140 290 0 . 04 0 . 1  656 
7 . 7 177 153 141 294 0 . 03 0 . 1  593 
7 . 7  176 150 140 290 0 . 04 0 . 1  554 
7 . 7 177 155 134 2 89 0 . 03 0 . 1  594 
4-25-85 8 . 2  151 130 121 251 0 . 02 0 . 1 560 
8 . 2 152 130 125 255 0 . 03 0 . 1  564 
8 . 2 152 135 125 260 0 . 02 0 . 1  565 
8 . 2  152 145 125 270 0 . 02 0 . 1  571 
6-25-85 8 . 2  144 125 123 248 0 . 03 0. 1 526 
8 . 2  142 . 125 121 246 0 . 02 0 . 1  560 
8 . 3 144 125 116 241 0 . 07 0 . 1  542 00 
8 . 2 144 125 118 243 0 . 03 0 . 1  515 00 
Table Cl (Continued} . Results of Water Quality in .Everist Gravel .Pit Area 
Alkalinity Calcium Magnesiun Total Total 
Location Date (units} (ng/1 as Hardness Hardness Hardness Manganese Iron· Dissolved 
CaCD3} (ng/1 as (ng/1 as (wq/1 as (ng/1} (ng/1} Solids 
CaCI?3> Ca<D3} Ca<D3} (ng/1)  
p2 9-28-84 8 . 3  140 125 135 260 0 . 05 0 . 1  538 8 . 2 14 0 116 135 251 0 . 06 0 . 2  518 
8 . 2 145 118 134 252 0 . 05 0 . 1  550 
8 . 2 145 118 134 252 0 . 05 0 . 1  570 
12-4-84 8 . 2  153 155 127 282 NA NA 508 
8 . 1  152 14 5 139 2 84 NA NA 563 
7 . 9  151 14 5 135 280 NA NA 4 81 
7 . 9  150 140 123 263 
. .  
NA NA 4 75 
7 . 9 150 14 0 f 139 279 NA NA 543 
7 . 9  149 140 127 267 NA NA 513 
8 . 0 151 150 135 285 NA NA 511 
8 . 0 152 14 5 127 272 NA NA 501 
2-28-85 7 . 6  179 153 140 293 0 . 04 0 . 1  647 
7 . 7  178 153 136 2 89 0 . 03 0 . 1  643 
"7 .  7 177 158 142 300 0 . 04 0 . 1  633 
7 . 7 177 150 139 2 89 0 . 03 0 . 1  582 
4-25-85 8 . 2  151 130 123 253 0 . 02 0 . 1  560 
8 . 2 151 125 121 246 0 . 03 0 . 1  565 
8 . 2  152 125 123 248 0 . 02 0 . 1  564 
8 . 2 ' 152 120 123 243 0 . 02 0 . 1  560 
6-25-85 8 . 2  14 3 125 122 247 0 . 04 0 . 1  510 
8 . 3  143 125 123 248 0 . 03 0 . 1  565 
8 . 2 144 125 120 245 0 . 04 0 . 1  503 co 
8 . 3  144 125 116 241 0 . 05 0 . 1  540 \0 
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Table ·- .C2�· . • Upstream, Il::Mnstream and Pond Location Means 
Paraneter Date Upstream Il:Mnstream Pond 
2! 9-82-84 7 . 5 7 . 8 8. 2 
(units} 12-4-84 7 . 4  7 . 3 7 . 9  
2-28-85 7 . 3 7 . 2 7 . 7  
4�25-85 7 . 3 ·7 . 3 8. 2 
6-25-85 7 . 0 7 . 1 8. 2 
location mean 7 . 3 7 . 3 8. 0 
Alkalinity 9-28-84 393 303 144 
(ng/1 as eacn3) 12-4-84 329 361 150 
2-2 8-85 323 2 61 177 
4-25-85 306 284 152 
6-25-85 308 300 144 
location mean 332 302 153 
Calcium Hardness 9-28-84 470 247 119 
(ng/1 as eaCD3 ) 12-4-84 355 263 144 
2-2 8-85 259 178 152 
4-25-85 251 170 130 
6�2 5- 85 270 243 125 
location mean 321 220 134 
Magnesium Hardness 9-2 8-84 220 176 136 
(ng/1 as CaCD3) 12-4-84 209 237 131 . 
2-28-85 160 137 139 " 
4-25-85 163 177 123 
6-25-85 169 196 120 
location mean 184 1 84 130 
'lbtal Hardness 9-28-84 691 423 256 
(ng/1 as CaCD3) 12-4-84 564 500 275 . 
2-28-85 419 314 292 
4-25-85 413 347 253 
6-2 5-85 439 439  245 
location mean 505 405 264 
Manganese 9-2 8-84 0. 69 0 . 37 0 . 05 
(ng/1 ) 12-4-84 NA NA NA 
2-2 8-85 0. 19 0 . 2 4  0 .. 0 3  
4-2 5-85 0. 25 0. 22 0 . 02 
6-25-85 0 . 33 0 . 3 8  0 . 04 
location mean 0. 37 0 . 30 0 . 04 
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Table C2 . (.Cbntinued) • Upstreai'(l, DJwnstream and Pond Location Means 
Pararreter rate Upstream Ibwnstream Pond 
Iron 9-28-84 0 . 5 0 . 3 0 . 2 
---rng/1) 12-4-84 NA NA NA 
2-2 8-85 0 . 2  0 . 3 0 . 1  
4-25-85 0 . 2 0 . 1  0 . 1 
6-25-85 0 . 2  0 . 2 0 . 1 
location mean 0 . 3 0 . 2 0 . 1  
Total 9-28-84 1410 943 553 
Dissolved Solids 12-4-84 1180 1080 518 
(ng/1 )  2-28-85 891 755 613 
4-25-85 930 808 564 
6-25-85 1030 991 533 
location mean 1090 915 556 
NA - Sample nean not available 
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APPENDIX D 
Water Quality Results from State Health Depa.rt:nent Lal:x:>ratory 
Table Dl . <llan.i.ca1 Quality of Water Fran Safill ing R>ints* - �vember 5 ,  1984 
Project ; Inpact of Large Scale Gravel EXcavat ions on Groundwater 
Quality and M:lvarent in Shallow Aquifers · 
Everist Pond Freiberg 
Pararooters* *  We l l s  No rth  o f  Gravel Pits �� Pond Sarrples Wel ls South of Gravel Pits 5 6 3 4 1 3 NH SE 1 2 
C'alciun (C'a) 150 125 56 . 5  102 49 . 9  49 . 9  71 . 0  56 . 4  94 . 3  91 . 8  
Magnesiun (f.t;J) 62 47 . 8 25. 2 38. 9 31. 5 31. 5 38 . 6  39 . 1  36 . 6  84 . 8  
Sodiun (Na) 32 . 3  23. 8 10. 8 15 . 0  17 . 7  17 . 7  13 . 0  11 . 7 19 . 0  26 . 6  
Potassiun (K) 4 . 1  3 . 3  2 . 6  4 . 3  3 . 2  3 . 2 3 . 7 3 . 7 3 . 3 2 . 6  
Iron (Fe) NA NA NA NA NA NA NA NA NA NA 
Manganese (t-tl) NA NA NA NA NA NA NA NA NA NA 
Bicartonate (H2co3) 340 437 248 360 170 170 231 178 361 527 
Sulfate (004) 340 87 42 113 99 99 130 138 81 155 
0\loride ( Cl ) 32 . 4  50 12 . 9  20. 2 28. 6 28 . 4 21 . 6  17 . 6  30 . 5  29 . 2  
Flooride (F) 0 . 32 0 . 24 0 . 44 0 . 23 I 0 . 24 0. 26 0 . 20 0 . 19 0 . 42 0 . 58 
. Nitrate (003) (as N)  0. 1 6 . 2  0 . 9  0 . 4  0 . 4  0 . 4 0 . 2  O . l <0 . 1  0 . 3  
ArmDnia (t-Di4) (as N) 0 . 22 0 . 14 0 . 15 0 . 06 <0 . 02 0 . 02 0 . 04 0 . 05 0 . 06 0 . 05 
pH (lBlits) 7 . 87 7 . 42 7 . 95 7 . 61 8 . 25 8 . 23 7 . 98 7 . 92 7 . 71 7 . 60 
'lbtal Dissolved 
Solids (TOO) 865 647 296 513 340 . 335 4 2 3  391 477 684 
Specific Cbnductanre 
@250C (\.llltx)s/an) 1210 994 486 788 539 550 648 594 753 1080 
Hardness (caco3) 630 509 245 415 254 254 3 36 302 386 578 
Alkalinity (C'a<X>3) 279 358 203 295 139 139 189 146 296 432 
Langlier Index 
@500F (units) +0. 64 +0 . 24 +0 . 21 +0. 26 +0 . 28 +0 . 26 +0 . 29 +0 . 02 +0 . 34 +0 . 36 
* Olanical Analyses performed at the State Health �partrnent Latoratory ,  Pierre , South �kota . 







Table El .  Ccrrpletely Ranchn Design Analysis of Variance for 
Location P1 - Sanpl
ed on 9-28-84 
Degrees of Sun of Mean 
Source Freed::m Squares Square F 
I?!! 
Treatrrents 1 0 . 01 0 . 01 
Error 2 0 0 0 
'Ibtal 3 0 . 01 
Alkalinity 
Treatrrents 1 0 0 
Error 2 0 0 0 
'Ibtal 3 0 
Calcium Hardness 
Treatments 1 6 . 25 6 . 25 
Error 2 24 . 50 12 . 25 0 . 51 
'Ibtal 3 30 . 75 
Magnesium Hardness 
Treatments 1 36 36 
Error 2 8 4 9 . 0  
'Ibtal 3 44 
Manganese 
Treat:rcents 1 0 . 0001 
Error 2 0 0 0 
'Ibtal 3 0 . 0001 
Iran 
Treat.Irents 1 0 0 
Error 2 0 0 0 
Total 3 0 
Total Dissolved Solids 
Treatrrents 1 196 196 
Error 2 400 200 0 . 98  
Total 3 596 
* D:!notes significance at the 0 . 05 level 
**Denotes significance at the 0 . 01 level 
) 
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Table El (Continued) . Coop1etely Ranci:m Design Analysis of 
Variance for Well #1 - Sampled on 9-28-84 
Degrees of Sum of � 
Source . Freed:xn .Squares Square F 
E!! 
Treatments 1 0 0 
Error 2 0 . 1  0 . 05 0 
Total 3 0 . 1 
Alkalinity 
Treat:nents 1 56. 25 56 . 25 
Error 2 44 . 50 22 . 25 2 . 53 
Total 3 100 . 75 
Calcium Hardness 
Treatments 1 0 0 
Error 2 17 8 . 5 0 
Total 3 17 
Magnesium Hardness 
Treatments 1 2 . 25 2 . 25 
Error 2 0 . 50 0 . 25 9 . 0  
Total 3 2 . 75 
Manganese 
Treatments 1 0 . 0004 0 . 0004 
Error 2 0 . 0013 0 . 00065 0 . 62 
Total 3 0 . 0017 
Iron 
Treatments 1 0 . 0025 0 . 0025 
Error 2 0 . 0050 0 . 0025 1 . 0 
Total 3 0 . 0075 
'Ibtal Dissolved SOlids 
Treabnents 1 4 4 
Error 2 100 50 0 . 08 
Total 3 104 
* Denotes significance at the 0 .  OS level 
**Denotes significance at the 0 . 01 level 
) 
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Table El (Continued) • O:lrpletely Rand::m I:e3ign Analysis of 
Variance for \veil #4 - sampled on 9-28-84 
�ees of Sun of Mean 
Source Freedan Squares Square F 
E!! 
Treat:nents 1 0 0 
Error 2 0 . 01 0 . 005 0 
Total 3 0 . 01 
Alkalinity 
Treatments 1 0 . 25 0 . 25 
Error 2 12 . 50 6 . 25 0 . 04 
Total 3 12 . 75 
calciun Hardness 
Treatments 1 506 . 27 506 . 27 
Error 2 62 . 50 31 . 25 16 . 20 
Total 3 568 . 77 
Magnesium Hardness 
Treatments 1 0 0 
Error 2 1 . 0 0 . 5 0 
Total 3 1 . 0 
Manganese 
Treatments 1 0 . 04 0 . 04 
Error 2 0 . 01 0 . 005 8 . 0 
Total 3 0 . 05 
Iron 
Treat:Irents 1 0 0 
Error 2 0 0 0 
Total 3 0 0 
Total Dissolved Solids 
Treat:Irents 1 8100 8100 
Error 2 1600 800 10 . 125 
Total 3 9700 
* Denotes significance at the 0. 05 level 
**Denotes significance at the 0 . 01 level 














































































18 . 65 
3 . 38 
5 . 09 
0 . 2475 
1 , 570 , 62 6  
55 , 237 
228 , 364 
870 
1 , 694 , 935 
381 , 836 
1 , 34 3 , 822 
4 , 346 
447 , 878 
72 , 352 
197 , 886 
2 , 156 
3 , 256 , 974 
741 , 464 
2 , 432 , 573 
7 ,  810 
5 . 867 
1 . 631 
10 . 715 
0 . 05995 
1 . 061 
1 . 245 
1 . 773 
0 . 035 
16 , 408 , 619 
2 , 119 , 468 
7 , 14 7 , 909 
91 , 373 
* Denotes significance at the • 05 level 
** Denotes significance at the • 01 level 
Mean 
Square 
2 . 66 
o .  676 . 
0 . 145 
0 . 005 
224 , 375 
11 , 047 . 4  
6 , 524 . 7 
18 . 125 
242 , 133 
76 , 367 
38·, 395 
90 . 5  
63 , 982 
14 , 470 
5 , 653 
44 . 9  
465 , 2 82 
148 , 292 
69 , 502 
162 
0 . 838 
0 . 543 
0 . 511 
0 . 00187 
0 . 152 
0 . 415 
'0 . 084 
0 . 001 
2 , 344 , 088 
423 , 893 
204 , 225 
1 , 903 
98 
516 . 73** 
131 . 22** 
2 8 . 22** 
12 , 379 . 32** 
609 . 52** 
359 . 98** 
2 , 674 . 43** 
843 . 50** 
424 . 08** 
1 , 424 . 14** 
322 . 09 ** 
125 . 85** 
2 , 859 . 42** 
911 . 35** 
427 . 13** 
447 . 41** 
290 . 25** 
272 . 36** 
138 . 61 ** 
379 . 62** 
77 . 20** 
1231 . 39** 
222 . 68** 
107 . 2 8** 
Table E3 . Haller-o.mccin K-Ratio T-Tests 
xms with the same letter are not significantly different 
. E!! 
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Lller Grouping Mean Location Waller Grouping Mean Date 
nimurn significant difference = 0 .  037 Mi.ninulm significant difference = 0 .  032 
A 8 . 0542 p2 
B 7 . 9 542 pl A 7 . 7625 9-2 8-84 
c 7 . 5542 5 B 7 . 5344 4-25-85 
D 7 . 3917 1 c 7 . 4891 12-4-84 
E 7 . 3542 3 D 7 . 3750 2-28-85 
F 7 . 2 875 4 D 7 . 3594 . 6-25-85 
F 7 . 2 875 2 
G 7 . 1292 6 
Alkalinity 
J.ler Grouping Mean I.JXation Waller Grouping Mean Date 
n� significant difference = 2 . 183 Minimum significant difference = 1 . 892 
A 412 . 83 6 
B 386 . 3 8  2 A 30 8 . 34  9-2 8-84 
c 321. 54 4 B 292 . 33 12-4-84 
D 299 . 75 3 c 271. 00 2-2 8-85 
E 291 . 54 5 D 264 . 84 6-25..;.85 
F 236 . 83 1 E 2 61 . 91 4.;_25-85 
G 152 . 88 p 




ill.er Grouping Mean Location Waller Groupin<; Mean Date . ·  nimlm significant difference = 4 .  880 Minimum signif1cant difference = 4 .  228 
A 410 . 71 6 
B 342 . 42 5 A 326 . 47 9-28-84 
B 337 . 54 4 B 2 79 . 10 12-4-84 
c 241 . 71 2 c 226 . 88 6-25-85 
D 214 . 96 3 D 212 . 16 2-2 8-85 
D 212 . 71 1 E 200 . 22 4-25-85 
E 136 . 3 8 p1 
E 135 . 46 . p2 
Magnesium Hardness 
ill.er Groupin� Mean IDeation �val1er Grouping Mean rate nimum significant difference = 3. 439 Mininrum significant difference = 2 � 9 81 
A 260 . 04 2 
B 237. 71 6 A 196 . 47 12-4-84 
c 19 8. 42 5 B 188 . 22 9-28-84 
D 162 . 00 4 c 163 . 59 6-25-85 . 
E 155 . 33 3 D 156 . 44 4-25- 85 
F 129 . 92 p2 E 148 . 88  2-2 8-85 
F 129 . 92 p1 
F 126 . 75 1 
� 
) 
Table E3 (Cbntinued) . �valler-D.mcan K-Ratio T-Tests 
ans with the sane letter are not significantly different 
'lbtal Hardness 
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U-ler Grouping Mean IDeation Waller Grouping Mean D:ite 
nimum significant difference = 6 .  543 Mininrum significant difference = 5 .  669 
A 648 . 42 6 
B 540 . 83 . 5 · A  515 . 09 9-28-84 
· c 501 . 75 2 B 475 . 56 12-4-84 
c 500 . 0 8  4 c 390 . 47 6-25-85 
D 370 . 2 9  3 D 361 . 03 2-28-85 
E 3 39 . 46 1 D 356 . 66 4-25-85 
F 2 66 . 29 pl F 265. 38  p2 
Iron 
ller Groupin<; Mean Location--Waller Groupin<; Mean Date 
nllnum signif1.cant difference = 0 .  021 Minimum signif1.cant difference = 0 .  015 
A 0 . 40000 4 
B 0 . 31250 6 A 0 . 38437 9-28-84 
c 0 . 23750 2 B 0 . 19062 2�28-85 
D 0 . 20000 1 c 0 . 17500 6-25-85 
E D  0 . 19375 3 D 0 . 12500 4-25-85 
E 0 . 17500 5 
F 0 . 12500 pl F 0 . 10625  p2 
Manganese 
.ller Groupin;J Mean Location �Taller Grouping Mean Date 
nimurn signif1.cant difference = 0 .  02 8 Minimum significant difference = 0 .  019 
A 0 . 58812 5 
A 0 . 58250 4 A 0 . 45187 9-28-84 
B 0 . 39250 1 B 0 . 26719 6-25-85 
c 0 . 22250 . 6 c 0 . 18781 4-25-85 
c 0 . 20875 2 D 0 . 16437 2-2 8-85 
D 0 . 07312 · 3 
E 0 . 03750 · pl 
E 0 . 03750 p2 
'lbtal Dissolved Solids 
ller Grouping �tea.n Location waller Grouping . Mean Date 
nimum significant difference = 22 . 38  Minimum significant difference = 19 . 42  
A 14 26 . 7 6 
B 1141 . 0 2 A 1079 • .  9 9-28-84 
c 1111 . 5  5 B 9 8 8 . 1 12-4-84 
D 1072 . 5  4 c 898 . 2  6-25-85 
E 802 . 9  3 D 807 . 9 4-25-85 
F 745 . 4 1 E 787 . 6 2-28-85 ' 
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APPENDIX F 
Financial Savings calculations 
Partial Softening Chemical Savings at East Water Treatnent Plant 
Annual L.:ine usage (1984) = 397 , 520 p::>unds 
Armual Alum usage (1984 )  = 2 5 , 590 p::>unds 
1984 Cllemical Costs 
Lime = $78 . 75/ton 
Annual Savings (1984) 
Alum = $6 . 10/50 p::>und bag 
Lime = 397 , 52 0  pounds x 20��8��ds = $15 , 652 . �5 
Alum = 25 , 590 mtmds x $6 • 10 = $3 121 9 8  
� 30 p::>unds ' • 
Tbtal Annual Savings = $15 , 652 . 35 + $3 , 121 . 98 = $18 , 774 . 33/yr 
*All data based on 1984 plant reoords 
Annual Salt Savings by Brookings Residents 
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Fran Appendix B - 600 , 595 gallons of water softened daily 
Regeneration uses 9 pounds of salt/800 gallons softened (Artz Locker) 
Salt Cost = $2 . 79/50 fOund bag (Hy veej 
Annual savings by a one-third reduction in hardness 
9 p:>unds $2 . 79 · 1 _ 600, 595  gallons/day x 800 gallons x 50 tx>unds x 365 days x 3 - $45 , 870/yr 
